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at 310 amps 


Tach 


The ‘ENGLISH ELectric’ LWC 2/300 
portable welding equipment is designed to 
supply two operators at 315 amps each 
or, for heavy current welding, one 
operator at 630 amps. The supply for two 
operators is taken from separate plugs 
and sockets. For the single operator 
application, these plugs are connected in 
parallel through removable paralleled 
sockets. The LWC 2/300 has a built-in 
dry compartment to take a power 

factor correction capacitor and 

is suitable for operation on a 

380/440 volt 50 cycle supply. 


Price £265. Delivery from stock. 


Send for Publication WA/133A to 
The English Electric Co. Ltd., 
Welding Equipment Division, 
Clayton-le-Moors, 

Accrington. 


ENGLISH ELECTRIC 


welding equipment and electrodes 
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THe ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC HOUSE, STRAND, LONDON, W.C.2 


WORKS: STAFFORD + PRESTON + RUGBY + BRADFORD + LIVERPOOL + ACCRINGTON 
WA 25A 
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- ROCKWELD 


LIMITED 


RANSOMES & RAPIER LTD use 


BASAC 35 


LOW HYDROGEN ELECTRODES 
for their New W1350 Walking Dragline 


A new triumph for British Engineering! Ransomes & Rapier Ltd., 
Ipswich, have won the first North American contract ever placed in 
Britain for a large electrically driven Walking Dragline. The machine 
is The Rapier W1350 which weighs 1,400 tons and has a 33 cu. yd. bucket 
to carry 50 tons a time within a radius of 215 feet. To meet very low 
temperature operation down to 82° of frost, special steels are being used. 
Rockweld are proud to supply the electrodes used in the fabrication of 
this giant excavator. 


COMMERCE WAY - CROYDON - SURREY - Tel. CROYDON 7161 (5 lines) 











A ANOTHER NEW FLASH WELDER / 


THIS TIME 
FOR RAILWAY ROLLING STOCK 


— ASSEMBLY COSTS REDUCED by 
FLASH BUTT WELDING 







A.l. TYPE APHF/24 GENERAL PURPOSE 
AUTOMATIC FLASH BUTT WELDING 








ONE OF FOUR APHF/24 MACHINES ™ = 
SENT TO SOUTH AFRICAN RAILWAYS DURING 1960 


EXPENSIVE FORGINGS ELIMINATED 
SUB-ASSEMBLIES COMPLETED IN SECONDS 
RESULTS—OVERALL ECONOMIES 


SPECIAL AND GENERAL PURPOSE MACHINES SUPPLIED FOR MANY APPLICATIONS © 


A.I. ELECTRIC WELDING MACHINES LTD. n 


GROVE HOUSE, SUTTON NEW ROAD, BIRMINGHAM, 23. Telephone: Erdington 1176. Telegrams: AIWELDS, B’ham ' Vit 
Works: INVERNESS, SCOTLAND 




















BRITISH WELDING JOURNAL SE 














Mallory electrodes 
keep their shape 








WELD AFTER WELD AFTER WELD AFTER WELD AFTER WELD 


Efficiency in seam welding depends much on 
the performance of the electrodes — particularly 
upon their ability to retain good tread contour for long 

periods without need for costly and time-wasting redressing. 
Mallory electrodes hold their tread shape excellently. All 
Mallory materials have the characteristic feature of perfect 
balance of conductivity and hardness and give the best per- 
formance for the longest time. 

There is a Mallory electrode for every resistance welding 
process and a Mallory holder or fitting for every type 

of assembly. 


eatin 


Technical information is free on request. 


Specialised Products of 








JOHNSON, MATTHEY & CO., LIMITED controlling MALLORY METALLURGICAL PRODUCTS LTD. 
73-83 HATTON GARDEN, LONDON, E.C.! Telephone: Holborn 6989 

Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79, Eyre Street, Sheffield, 1. Telephone: 29212 

W.02/226 
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present... 
ioe 2-es-8 ARGON 


DIAMETER | inch 


OVERALL ,. 
LENGTH 8 inches 


WEIGHT 3 oz 


YET, 3-350 amps 
capacity 


TEC VISUWELD patented transparent gas nozzles give the operator an unrestricted view of the work 
at all times and cut argon gas consumption by up to 20%! Water cooling is carried to the tip of the 
torch, closer than with any other argon torch, to ensure continuous welding at 350 amps. Air-cooled 
models are available with maximum welding currents of 100 amps or 130 amps continuous duty cycle. 

When pencil models are fitted with 45° or 90° angle nozzles, they provide the means of internally 
welding small diameter tubes. Pencil models use tungsten electrodes 6” long and angle torches, 3” long. 
Stub loss is never more than 2”. 





TRY THIS SIMPLE TEST! 


Make this simple test to prove how effectively 
TEC torch insulation retards heat. Apply the flame 
of a burning match directly to the torch head. 
Note that only a very slight smear of carbon 
lightly adheres to the surface. Proof positive that 
the torch resists the heat of continuous welding! 


Write or phone now for price list of all models and accessories 


INTERLAS LTD... AMPTHILL> BEDFORD: Tel: Ampthill 3340 





REPRESENTATIVES IN EIRE: WELDING SERVICES LTD., 14-16 AMIENS STREET, DUBLIN. Tel, Dublin 47051 
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Obviously the welder himself. But he must have 
electrodes worthy of his skill. AEI meets this need for 
speed more certainly than ever ‘before with its new 
GAZELLE Electrode. These mild-steel electrodes are 
expressly made with the welder in mind. Their ease and 
WEI speed of use and good de-slagging properties should 


revolutionize mild steel fabrication and welding work, 


Please send me further details of AEIl GAZELLE 
Note these Gazelle Advantages ELECTRODES, including addresses of AEl District 
Non iron-powder contact type electrode giving Offices from which sample packs are now available: 
maximum ease of use at lower cost - Unequalled 
de-slagging properties - Excellent weld appearance 
Minimum cleaning costs - Easy arc striking charact- 
eristics - Wide current range for each size of elect- COMPANY 
rode - High travel speeds - Longer run lengths per seen 
electrode than with any other Class 2 electrode 


NAME 





POSITION 























Associated Electrical Industries Ltd 


HEATING AND WELDING DEPARTMENT TRANSFORMER DIVISION 
TRAFFORD PARK, MANCHESTER, 17 
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THE FASTEST 

AND GHEAPEST WAY OF FIXING 
THREADED STUDS 

OR ATTACHMENTS LIKE THESE 
TO A METAL SURFACEIS... 


(rompton Parkinson —== 
STUD WELDING 


ASK US TO PROVE IT! 


CROMPTON PARKINSON (STUD WELDING) LTD - 1-3 BRIXTON ROAD + LONDON + SW9 + TEL: RELIANCE 7676 
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MARCONI 
INDUSTRIAL 
> Gay © 6 


THE 250kV¥ CONSTANT POTENTIAL 


APPARATUS 


MOUNTINGS 
FOR THE 
250-kV 
TUBEHEAD * 


Telescopic- 
suspension 
tubehead 
mounting 


Dual-travel 


page 


* Let Marconi engineers help you in your choice of 
mountings. In addition to those shown, other tube- 
head mountings are available to suit specialized 
requirements. Full details gladly sent on request. 


column gantry 
tubestand 


DESIGNED FOR A WIDE VARIETY OF APPLICATIONS IN 
THE ENGINEERING INDUSTRY 


HE Marconi 250 kV Constant 

Potential X-Ray equipinent is 
one of the most efficient and versa- 
tile ‘inspection tools’ at the service 
of the engineering industry. The 
basic apparatus comprises four main 
items—a high tension transformer- 
rectifier unit, a control unit, an oil 
circulator/cooler and the oil-cooled 
tubehead illustrated above. 


The Kilovoltage range—which is 
from 30 to 250 kV in 2-kV steps—- 
permits examination of components 
varying from plastic and aluminium 
items to ferrous sections more than 
three inches thick. 


The scope of the apparatus has 
been extended still further by the 
development of a comprehensive 
range of tubehead mountings, which 
includes fully mobile and semi- 
mobile units, and suspension and 
statictubestand types, someof which 
are shown on the left. These mount- 
ings have been designed to meet in- 
dustrial requirements and Marconi 
engineers are always available to 
recommend the most suitable in- 
stallation, or suggest adaptations. 
For preliminary details of the 
Marconi 250 kV Constant Potential 
X-Ray equipment, please write for 
leaflet AQ22. 


MAY WE ALSO SEND YOU PARTICULARS ABOUT OTHER MARCONI INDUSTRIAL X-RAY EQUIPMENT? 


Please address enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 


London and the South: 


Midlands: 


North: 


English Electric House, Strand, London, W.C.2 
Telephone: COVent Garden 1234 


Marconi House, 24 The Parade, Leamington Spa 
Telephone: 1408 


Export Department: Marconi Instruments Ltd., St. Albans, Herts. Telephone: St. Albans 59292 


23/25 Station Square, Harrogate 
Telephone: 67455 
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LANARKSHIRE’S — {i/Ti1) (va 
NRA — 
BEAM MILL Seg 

IS NOW IN OPERATION 


The installation work on _ Lanarkshire’s 

Universal Beam Mill at Motherwell, Scotland’s 
steel town, is now complete. This Mill will roll 
Universal Beams with parallel flanges and ONE OF 
Universal Columns in accordance with BS 4B 
1959. 









anal 


















COLUMNS From 6” x 6” to 12” x 12” 
Trial rollings are now in progress and very 
soon Universal Beams and Columns bearing 
the familiar brand ‘ The Lanarkshire Steel Co. COMPANIES 
Ltd.” will be freely available. 


GROUP OF 


This new mill is only one of 
many modernisation projects 
being undertaken by the 
Colville Group of Companies 
to ensure that the finest and 
widest range of steel products 
are available to industrial 
users all over the world. 
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THE LANARKSHIRE 


_ \ STEEL COMPANY LTD. 
! MOTHERWELL SCOTLAND 


Some Hugh Smith Gap Presses and a Flanging Press 
being completed in the works. 


HUGH SMITH (GLASGOW) LTD., Hamictonnitt road, cLascow N.2 


Makers of Plate Edge Planers, Plate Bending Rolls, Plate Straightening Rolls, Vertical Bending Presses, Flanging Presses, 
Gap Presses of many types, Horizontal General Purpose Presses, etc. etc. Catalogue on request. 
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NON-DESTRUCTIVE 
TESTING 





PORTABLE 
INSPECTION GEAR 


Lightweight Industrial X-ray Sets 
Isotope Sets for Pipe Welds 
Magnetic Flaw Detectors (850-2000 Amps) 
All Radiographic Accessories 
All X-ray Darkroom Equipment 


INSPECTION EQUIPMENT LTD 
19 BROAD COURT, DRURY LANE 
LONDON WC2 Tel. GLA.1402 & CUN.1795 





@almer 








NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray service (Test House 
and Mobile) * Magnetic crack testing 
Fluorescent crack testing *% Ultra-sonic 
testing * Pressure testing—air and hyd- 
raulic % Low temperature testing * Film 
processing and radiological reports 


Palmer Aero Products Lid 
AERO PRODUCTS DIVISION = BTR INDUSTRIES LIMITED 
PENFOLD STREET - LONDON N.W.8 TEL: PADDINGTON 8822 6/3121A 














HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
January 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
recautions necessary to ensure the safety of operators. 
is book will be a full bound publication in blue, size 8}” x 
54° and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Welding price 16/-, 
including postage. 





ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 4041 














MANCHESTER OIL REFINERY 
(SALES) LTD 


76 Jermyn Street, London, S.W.! 


Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 


Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 





Laboratory and Site 
NON-DESTRUCTIVE TESTING SERVICE 


X-RAY . GAMMA RAY . ULTRASONIC 
Magnetic and Fluorescent Crack Detection 
ANYWHERE ANYTIME 
GAMMA-RAYS LTD 


FOUNDRY LANE, SMETHWICK, 40 STAFFS. 
Telephone: SMEthwick 0846 











THE ARDROX No. 9% 





FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.LD. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 











INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.D. APPROVED TEST HOUSE A.R.B. APPROVED 
BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 
Telephone: Fairlands 4546. 
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GASES BY SATURN 


There are Saturn branches in Glasgow, 
Aldridge, Manchester, Sheffield, Lyming- 
ton, Sunderland, Thornaby-on-Tees and 
Southall—strategically located to give you 
prompt, individual service. Pyrogas, 
Super-Pyrogas, Nitrogen and Argon 
(super purity and high purity), Hydrogen, 


Oxygen and Dissolved Acetylene can be 
supplied to meet your requirements. 

Saturn are contractors to: Admiralty, 
War Office, Ministry of Aviation, UK 
Atomic Energy Authority, Australian 
Atomic Energy Authority, National Coal 
Board, British Railways. 


For gases and service and welding equipment — see Saturn! 


SATURN INDUSTRIAL GASES LIMITED 


‘Eri Wood’, Windlesham, Surrey 
Telephone: Bagshot 2441 


Branches: SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 
SHEFFIELD, LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 
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Specialists 

in welding 

alloy steels 

and non-ferrous 
metals 





Aluminium, Aluminiu 
Clad steels, Hastell 
Inconel, Monel metal 


Stainless Steel, Tit 


* Welded 
if-lelater-lilele 
and fusion welded 
pressure vessels 
to Lloyds Class 1 
ASME, AOTC codes 
Tale mt iaalitels 


specifications. 


JENKINS 


of Rotherham 


Telephone 4201 (6 


® 





The E S 5 machine : 
shown alongside is 


tr ONLY 


» available 


electro-slag 


_ The welding head weighs 
less than 100 Ibs.— 

_ and can therefore be 
taken to the work. 


Constructed to the specification as devised 
and perfected by Prof. Boris Paton of the 


Russian Institute bearing his name, the 








TELEPHONE __ 
WEST BROMWICH 
ESAB ES5 is capable of welding steel 0667_— 


plates 3” to 4” thick, vertically, in | pass. Each we will arrange 


machine is equipped to make err s we a demonstration 
ya for you. 


vertical fillet and butt joints. 


te Se 


| [ES \fe MACHINE DIVISION PARK LANE INDUSTRIAL ESTATE, 
D HANDSWORTH - BIRMINGHAM - 21 
LIMITED ‘Phone: West Bromwich 0667 & 0668  ’Grams: ESABOK / Birmingham 
Telex : ESABOK / B’ham 33525 
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EUTE 


Low Temp 


WELDING ALLOYS 





In 1904 J. P. H. Wasserman, a Swiss metallurgist, first observed the 
phenomenon of surface alloying during brazing operations. This 
pioneering discovery was the basis of the new metal joining process 
which he and his son, Rene D. Wasserman, developed and perfected. 

Today a range of over 200 unique alloys, fluxes and associated products 
based on this process are produced in plants in 15 countries and sold to 
aid industry throughout the world. 


EUTECTIC LEADS WORLD WELDING PROGRESS 


Leading in Research 


Castolin-Eutectic today has research centres in Switzerland and the 
United States of America engaged on applied and fundamental research 
on metal-joining alloys, techniques and processes. From these centres 
come a steady flow of new and improved products for all types of 
manual application. Castolin-Eutectic is the only group in the industry 
able to process raw materials through completely to finished products. 


Leading in Service 


More than 1000 factory-trained technical representatives give free advice 
on welding problems throughout the world. Eutectic has built up over 
50 years’ experience in the application of ‘‘low heat input’’ techniques 
in the field of repair, maintenance and production welding. This is 
backed by free training of welding personnel, lectures, demonstrations, 
etc. 


See for Yourself 


Ask the local technical representative in your area to show you in your 
own works and on your own equipment how you can save more in time, 
money and materials. Send for Eutectic’s free 72 page Technical Data 
Book NOW. 


EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE . FELTHAM . MIDDLESEX . Telephone: FEL 6371 
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The world’s foremost 











metal spraying 


specialists 











The Forth Road Bridge. 

Consulting Engineers: Messrs. Mott, Hay & Anderson and 
Messrs. Freeman Fox & Partners. 

Contractors for the Superstructure: The A.C.D. Bridge Co. Ltd. 


The new Forth road bridge is being protected by 
the metal spraying process and Metallisation 
nS has designed the special equipment for this 


.*.j 


major project. 


METALLISATION LTD., PEAR TREE LANE, DUDLEY, WORCS. Telephone: 52523-4 
London: 171 Palace Chambers, Bridge Street, London S.W.1. Telephone: Whitehal/li 2868 

Scotland: Metallisation (Scotland) Ltd., Ballochmill Road, Rutherglen. Telephone: Rutherglen 1956 
N.E—. Coast: Portrack Grange Road, Stockton-on-Tees. Telephone: 64585 
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ASK BERK 


for the finest Anti-corrosion Service 


@ Metal and plastic spraying equipment of @ Technical service backed by a fully equipped 
outstanding design. laboratory. 


e Hard facing and powder welding equipment. ® Jobbing works and on site organisation. 


e Grit-blasting —- Zinc, Aluminium, Berkalloy | 
e Complete shot-blast and metal spraying Spraying—-Nylon & Polythene coatings—Epoxy, 
plants supplied. Vinyl! and other protective paint treatments. 


F. W. BERK & CO. LTD (oatine pivision) 


BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.10 
Works at LONDON AND MANCHESTER 














SPRAYING 


MODERNISE D 


ap Emer mere = 


HARDEFACING... 


The introduction of ‘‘Stellite’’ powder in 
1957 made possible the depositing of 
cobalt base alloys by the spray-fusing and 
powder welding techniques. These pro- 
cesses are an economical and extremely 
fast means of protecting components 
subjected to conditions of heat, abrasion 
and corrosion with the “‘Stellite’’ cobalt- 
chromium-tungsten range of alloys. A 
smooth surface finish and sound metal- 
lurgical bond is produced and the 
processes are ideal for hardfacing a wide 
variety of wearing parts with “‘Stellite”’ 








SPRAY- 
FUSING 


“*Stellite™’ 
powder being 
sprayed on 
components prior 
to fusion by the 
oxy-acetylene 
torch. 


POWDER 
WELDING 
**Stellite”’ 
powder being 
sprayed and 
simultaneously 
fused by a 
powder welding 














torch. 





Send for publications B.39 and B.40 


eDELORO 
is TELLITE : Me 
The names “‘Deloro”™ and *‘ Stellite’’ are registered trade marks 


VELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 
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600D NEWS FOR MOTOR MAINTENANCE ENGINEERS 


Lorry Camshafts 


last 4 times longer 


using COLMONOY No.4 “sy 


Shaft of lorry 
cam assembly 
sprayed with 
Colmonoy No. 4. 












\fter hardfacing a lorry camshaft with 
Colmonoy No. 4 alloy, using the Sprayweld 
Process, no measurable wear was found after 


1) 


months — an estimated service life of at 

least 40 — 50 months. 

(1) Worn shaft. 
(2) Shaft with 
0-030 in. deposit 
of Colmonoy No. 
4 after fusing 
and bonding to 





base metal. 
HARD SURFACING (3)Ground, hard- 
& BRAZING ALLOYS surfaced shaft. 
: (4) Original 
equest literature from shaft and cam 
WALL COLMONOY (CANADA) LTD. assembly. 


A WIGMORE STREET, LONDON W.1l. Tel: HUNter 2461 











IGNITRONS 































AEI ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 






































\ 
Welder types 
: Maximum average* 
Maximum Demand* Temperature 
Types (kVA) —— control 
BK 22 450 15 ~ 
BK 24 1200 140 _- 
BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 o 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 — ‘ 
BK 42A 600 56 Integral 
BK 42B 600 56 Clamp on 
BK 66 300 22°4 -— 
* Ratings are for welder control service, with two valves in inverse 
parallel at any voltage from 250-600v. r.m.s. 
ig ical Industries 
Associated Electric ; Rectifier types 
manufacture the widest range oO 











ignitrons in the United Kingdom — a Maximum peak voltage oe oe 
moreover all: AEI ignitrons are inter- (Kilo volts) thane) 
changeable with the corresponding BK 44 1 75 
American types. Whatever the job, BK 46 I 150 

from the AEI lists you can select the BK 56 t¢ 20:1 150 











right valve. 


Write for Leaflet 5851-8 


t Tentative ratings. 









ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 
ELECTRONIC APPARATUS DIVISION 





A.5447 
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Member of the Owen Or. 

























INVIGTA 


ELECTRODES 


Strength Flexibility and versatility are 
important features of this International 
Drott Skid-Shovel, mounted on BTD-6 
Crawler Tractor. Invicta Electrodes are ex- 
tensively used in the fabrication of this unit, 
and they too offer you strength, flexibility 
and versatility, together with reliable weld 
deposits ‘INVICTA’ covers a wide range of 


arc welding applications. 


USED BY SOME OF THE 
LARGEST SHIPBUILDING 
AND ENGINEERING 
WORKS THROUGHOUT 
THE WORLD 


Full details of the INVICTA 
range will gladly be sent on 


request 


Photograph by kind per 
mission of International 
Harvester Co. of Great 
Britain Ltd. 


INVICTA ELECTRODES LTD ee 


BILSTON LANE, WILLENHALL, STAFFS. TELEPHONE: JAMES BRIDGE 3131. EXT. 308% 
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only FIRTH-VICKERS make 





‘Staybrite’ F.M.B. steel has been the choice 
during more than 30 years for the jobs too 
difficult for the ordinary 18/8 stainless steels, 
such as marine conditions, certain dyeing 
solutions, and the production of phosphoric 
acid and its derivatives. It is much used in the 
production of synthetic fibres and plastics. 


Technical information on the use of all Firth- 
Vickers steels, together with technical litera- 
ture are always available on request. 





FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 


—the only Company in Europe to devote its activities exclusively to 
the production and development of stainless and heat-resisting steels. 
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) FOR MOST TYPES OF PROJECTION WELDING 


WELD BOLTS 


b'. 2 © &) Ome = eke hwy 
PRODUCTION 








Deliveries also offered in 





the popular THS 20! type in 


55 regular STOCK sizes. 
3” to 2": 5 diameters in UNC. UNF. 2BA. BSF. WHIT. 


15000 up Lots of Type THS 201A. 





AKRERAKKRAS® 
















J. & F. Pool 
Perforated Metals 
are today 
giving splendid 
service in 

over 40 great 
industries. 

It is first-class 
equipment 

at the right price. 
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JS& FF POOL LTD 


Hayle, Cornwall 
Hayle 3213 
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. COOPER 

: ELECTROHEAT 
e OFFERS YOUe 

3 * 

s 7 

* 


@ A contract service in the preheat, or stress relief, 
of reactor pressure vessels, heat exchangers, class 
1 vessels, piping, steam drums, headers, down- 
comers, submarine shells, ship’s high tensile lifting 
derricks, ducting, ship’s stern frames, vessel re- 
pairs, nozzles, branches and all complex fabrications. 


Low cost electric furnaces, of Cooper Top Hat type, 
to stress relieve your fabrications. 


@ Large, panel type, electric furnaces to cope with 
stress relief of nuclear heat exchangers and similar 
sized pressure vessels. 


@ Easy-fit electrical elements for all industrial appli- 
cations. 


16 pp. handbook on request. 


COOPER ELECTROHEAT LIMITED 


164 LORD STREET SOUTHPORT LANCS Southport 2062 
21 
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For the high quality welding of mild & low alloy high tensile steels 


THE W. R. LOWHYDROD No. | 


LOWHYDROD No. 1 is a low hydrogen elec- 


trode of the ‘“‘fully basic’’ type. 


The coating 


composition enables high quality welds to be 


made on low alloy high tensile steels where 


requirements are often more exacting than for 


the commoner mild steels. 


The chief characteristics are 


* 


* 





High resistance to cracking. 
Outstanding mechanical properties. 
Self detaching slag. 

Rutile type weld appearance. 

Clean deposits. © 

Excellent radiographic results. 


Minimum of obnoxious fumes. 


Mitre finish in standing fillet. 


WELDING RODS LIMITED 


BRIGHTSIDE HOUSE 
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Me? 
I’ve 


using 


electrodes 
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MECHANICAL PROPERTIES (typical of all-weld deposits) 
































YIELD POINT MAX. STRESS | ELONGATION ON| REDUCTION 
Tons per sq. in. | Tons per sq. in. 3-54 DIA.% OF AREA % 
26 33 36 70-75 
CHARPY VEE NOTCH 
Temp. | Room orc =} —15°C | —25°C | —40°C | —60°C | —75°C 
Ft. Ibs. 145 92 77 75 58 50 20 
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Pantak mobile X-ray equipment for 
non-destructive examination 


The Pantak mobile X-ray equipment illustrated, is one of the five 
used by Babcock & Wilcox Limited at their Dalmuir and Renfrew 
Works. The equipment, which can be fitted with either a 300K V or 
400kV X-ray tube, produces first-class radiographs using short 
exposure times. The unit utilises a constant potential circuit, and the 
incorporation of metal rectifiers instead of valves results in a longer 
over-all life and stabilised X-ray tube performance. Please write for 
further information. 









































MAXIMUM MANOEUVRABILITY 


I 
I 
An outstanding feature of the Pantak I 
X-ray equipment is its extreme | 
manoeuvrability. ‘The tube _ stand, | 
consisting principally of parallel link | 
arms operated by a hydraulic jack, | 
| 
| 
1 
| 
I 
i 





gives a very wide field of movement. 
The tube stand is mounted on an 
easily towed truck with pneumatic- 
tyred wheels and Ackermann steering. 
The whole unit can easily be operated 
by one man at ground level. 


VALE ROAD - WINDSOR - BERKS 
Pp A » T A K L M T = D Telephone: WINDSOR 3225-6 


3:20.08 Mem Welding for I.C.I. 


Here are three examples of Welded Steelwork by BOOTH for 
various divisions of Imperial Chemical Industries Ltd. Each 
reflects confidence in the Welding ability of BOOTH. 

Greatly enlarged and improved Welding facilities are 
: available for Tanks, Pressure Vessels, Structural Steelwork 
and work to customers special requirements. 
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Right: Mild Steel Pressure Vessel for I.C.I. 
Centre: One section of a range of 18 Stainless Steel Bunkers for I.C.1. 
Length 40’ 0°. Weight 15 tons. 

Left: Two of 8 Stainless Steel silos for I.C.1. Length 38’ 4” x7’ 0°. 
: Weight, each 3% tons. 


mene BOOTH 


JOHN BOOTH & SONS (BOLTON) LTD 

HULTON STEELWORKS, BOLTON. TEL. BOLTON 61191 
London Office: 26 Victoria St., Westminster, S.W.1 
Telephone: Abbey 7162 
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NEW ALL-PURPOSE GENERATOR 
RIGHT FOR ANY 
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For site and ship welding—anywhere, everywhere—this new BOC Quasi-Arc range of D.C. welding sets 
(using high speed FB 225 generator) gives outstanding advantages at extremely low cost. 

Being small in size and light in weight it is easily portable yet has excellent welding characteristics (max. 
current 225 amps) Provision is made for an auxiliary supply (40v 10a) for electric tools or emergency 
lighting—plus a power take-off for flexible drive tools. 

*~ MFB 225 »motor generator set (3 phase, 50 > PFB 200 petrol engine set (J.A.P. 2-cyl air-cooled)— 


cycle, 380/440 volt) max welding current 200 amp. 
 DFB 225 — Versatile diesel powered set foron- °* FB 225 —a go-anywhere generator for belt drive 
the-site use (Petter 3-cylinder air cooled engine (15 bhp at 3,000 rpm). Ideal for fitting to vehicle — 
fitted with electric starting). e.g. Land Rover, Austin Gipsy, Tractors. 
Read all about this cost-saving range in our Technical Circular 130. Write for free copy to:— 
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behind the latest 
CO, arc welding 
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Twelve pounds of metal per hour can be deposited 
by this new Philips COe2 arc welding unit using 
cheap, low pressure carbon dioxide shielding. For 
constant weld quality, Philips recommend D.C.L.’s 
constant composition CO2 in the newly designed 
syphon cylinder. 


Consistent moisture content 


The new design of cylinder and the particular 
care taken during filling ensure a consistent 
low moisture content carbon dioxide. 


Special CO, cylinder 

To prevent entry of any impurities, the syphon 
cylinders are supplied exclusively to arc 
welding customers, and are clearly marked and 
specially handled. 


Nation-wide service 

Through strategically sited factories and 
depots, DCL provides a prompt COz2 service 
which includes cylinders, multi-cylinder 
racks, bulk storage tanks with COs deliveries 
by road tanker. 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION 
Carbon Dioxide Department, 

Devonshire House, Piccadilly, W.1. 

Tel: MAYfair 8867. 


Sales Offices: 

Southern Area: Broadway House, The Broadway, Wimbledon S.W.19 

Tel: Liberty 4661 

Northern Area: Queens House, Queen St., Manchester, 2. Tel: Deansgate 8877 
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Interlas offer Britain’s widest range of combined 
AC/DC welders. 

For the small shop and maintenance department 
there is the “Little Twin’ and the “‘Big Twin’’, and 
for the heavy production work there is the MD 
series ranging up to 690 amps capacity. 

Compare the remarkable value for money offered by 
Miller. Add to that the well-known Miller reliability 
and Interlas service, and you have the finest AC/DC 
welding proposition obtainable. 

Write for specification leaflets stating the models in 
which you are interested. 


Current Range, amps 
Model es Price 
Dc Ex-Works 
Little Twin 20-150 
Big Twin 18-290 
MD 300 43-425 
MD 400 50-550 
MD 500 62-665 


Power factor correction inbuilt at extra cost 


Also available - combined AC/DC argon arc/metallic arc models. 
Details on request. 





) 


INTERLAS LTD... AMPTHILL: 


REPRESENTATIVES IN EIRE: WELDING SERVICES LTD., 14-16 AMIENS STREET, DUBLIN. Tel, Dublin 4705 






with 


A.C. Q_. 


and 


D.C. from 
ONE UNIT 
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Welding in the Non-Ferrous Field 


Introduction 


ELDING is such a convenient method of con- 
W struction, repair, and alteration that one is not 

surprised that outstanding progress has been 
made in recent years in this area of technology. It is, 
however, interesting to reflect that many of the 
modern welding techniques originate from scientific 
and practical observations made some sixty or seventy 
years ago. The foundations of our fusion welding 
processes were laid at the end of the 19th century when 
le Chatelier and Charles Picard made the first welding 
blowpipe, George Claude developed practical equip- 
ment for liquefying air, Kjelberg patented the prin- 
ciples of the coated electrode for metal-arc welding, 
and Rayleigh and Ramsey isolated argon from 
atmospheric nitrogen. 

The welding of non-ferrous metals was confined to 
the oxyacetylene process for a long time, and indeed 
the inert-gas shielded tungsten arc process, which was 
to have such a large influence on the welding of many 
non-ferrous metals, was not developed sufficiently for 
practical application until 1941, and the inert-gas 
metal-arc process was not developed until 1946, whilst 
neither of these was used to any appreciable extent in 
Britain until 1948 or later. 

It is perhaps not a gross overstatement to say that 
the invention and development of the inert-gas 
shielded-arc processes has had an immense beneficial 
influence on the welding of most non-ferrous metals, 
and because of this has greatly extended the applica- 
tion and uses of many of these metals. Whilst the 
availability of this method of welding has improved 
the quality and extended the scope of welded structures 
in such older metals as aluminium and copper, it has 
gone even further with some of the new, reactive 
metals, since for them it provides the on/y method of 
fusion welding. 

During the past few years metals like titanium and 
zirconium have found certain important industrial 


By 
N. P. Inglis, PH.D., M.ENG., M.I.MECH.E., F.I.M. 
and E. A. Taylor, B.SC., A.1.M. 


uses but the full exploitation of these metals would not 
have been possible without the availability of this 
method of fusion welding. 

Coincidentally with the development of welding 
processes and the increased knowledge of those 
physical, chemical, and metallurgical properties of 
metals which govern their welding characteristics and 
subsequent behaviour in service, there has been very 
extensive progress in methods for testing, examining, 
and inspecting the quality of welds. This latter aspect 
has been an essential part of the pattern of welding 
progress. The vital part which it has played can 
perhaps best be realised by the reflection that some 
thirty years ago a welded boiler drum or similar 
pressure vessel, would }have received prompt, and 
probably impolite rejection by the engineering 
insurance authorities, whereas today the methods of 
testing and inspection are such that welding is—or 
should be—preferred to other methods of making the 
same article. Indeed, methods of testing have reached 
such a peak as regards their quality, scope and number 
that there is a real danger of ‘over testing’ and so 
specifying a quality which, whilst attainable, is not 
always necessary. It must be remembered that reach- 
ing for the moon can be a very expensive pastime. 

However, the object of this present paper is to show 
that the great developments of the past thirty years in 
the welding field have left their mark on the non- 
ferrous metals world. A very great deal of knowledge 
concerning the weldability of all the industrially 





This Fourth Annual Lecture to the Institute of Welding was 
delivered on 25th April, 1961, by Dr. Inglis. 

The authors are in the Metals Division of Imperial Chemical 
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important non-ferrous metals is now available; a con- 
siderable amount of service experience of welded non- 
ferrous metals plant has been obtained; a wide range 
of plant and plant components in many different non- 
ferrous metals can now be undertaken with complete 
confidence. This does not mean that all the welding 
problems in all the non-ferrous metals have been 
solved, nor does it mean that strict procedures and 
welding schedules are not necessary with many of 
these metals. It is, however, hoped to show in this 
brief appreciation that the state of welding design and 
construction in the non-ferrous field is quite as ad- 
vanced as that on the ferrous side and over a very 
much wider range of circumstances. 


Copper and Copper Alloys 


A wide ‘range of copper alloys is commercially 
available, and they can be classified for ease of the 
present discussion in five main groups, namely, the 
various grades of copper, copper-silicon-manganese 
alloys (Everdur), brasses, aluminium bronzes, and 
cupro-nickels. Of these, copper is perhaps the most 
widely used material for welded constructions, and as 
it still demands a great deal of skill and experience to 
produce first quality welds, especially in thick sections, 
rather more attention will be given in this section to 
this metal than to the remaining alloys, although 
reference will be made to those copper alloys which 
are being used as materials of construction. 


Copper 

Of the materials included within the scope of this 
paper, copper has probably received a great deal more 
attention than most on account of its long history. 
However, despite its antiquity and-the rival claims of 
other newer metals, the demand for copper tanks, 
calorifiers, chemical vessels, brewing plant, etc., 
fabricated by welding, remains high. The importance 
of copper as a material of construction stems, as is 
well known, from its resistance to corrosion in many 
media and from its high thermal and electrical con- 
ductivity. There are many instances where advantage 
has been taken of this latter property, but a particu- 
larly outstanding and very recent example concerns 
the large-scale production of titanium and zirconium. 
These metals are highly reactive at their melting points 
and will react with all the usual refractories. They are 
therefore consumable-electrode arc melted in water- 
cooled copper crucibles, a strict vacuum being main- 
tained during melting and cooling. Copper has 
proved itself as an ideal material for such crucibles and 
it is now being used for crucibles for the vacuum melt- 
ing of steel and other alloys. Enquiring minds have 
very naturally applied these vacuum melting methods, 
which perforce must be used for these newer metals 
and were developed for them, to some of the older 
metals and have found that some of the properties of 
the metals when cast in this way are outstandingly 
improved as compared with the same metals when 
cast conventionally. 

At one time, the only grade of copper available to 
fabricators was tough pitch copper, which contains 
0-03-0-10°% oxygen, and the presence of this element 
causes two difficulties in fusion welding. Firstly, 
mechanical properties of the deposi.ed weld metal are 
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markedly inferior to those of the wrought material, 
because of the formation of brittle copper—copper- 
oxide eutectic networks at grain boundaries. Similar 
but less marked effects are also present in the heat- 
affected zone as a result of oxide migration. Mech- 
anical working of these structures is, therefore mand- 
atory to break up and re-distribute the oxide. Secondly, 
with the oxyacetylene process a marked and irrepair- 
able intercrystalline weakness results if a reducing 
flame is employed for welding, owing to the reaction 
of cuprous oxide with hydrogen to produce steam. 
Similar reactions are likely to occur if tough pitch 
copper components are used under reducing condi- 
tions, and it is most important, therefore, to consider 
service conditions. For these reasons a weldable grade 
of copper, namely phosphorus-deoxidised copper was 
developed by the copper manufacturers, and except for 
very special applications, this grade of material is 
recommended for all welded plant even today. 

Carnevali first described the use of the oxyacetylene 
process for welding copper in 1912, and until 1948 this 
was the only method generally used in Britain. The 
techniques required for gas welding have been 
described in detail in the extensive technical literature 
on this subject and it is proposed to make only brief 
reference to some of the most important aspects of 
this method. The high thermal conductivity of copper, 
which makes it so useful for the water-cooled con- 
tainers already mentioned by way of example, necessi- 
tates high heat inputs when fusion welding is used, 
and with this process difficulties increase rapidly as the 
thickness of metal increases above about 7 in. 
Welding of thicker material necessitates extensive and 
continuous preheating, and the use of two operators is 
often required to obtain sufficient heat input. Although 
much welding is carried out with plate in the flat 
position, better results are obtained, especially with 
material exceeding ; in. thick, by vertical welding 
using a double-operator technique. Welds must be 
completed in a single run, for any attempt to apply a 
sealing run or to wash over the surface will result in 
cracking. 

In the as-welded condition, joint strength depends 
on plate thickness, and this fact is recognised in 
BS.1077,_ which specifies a tensile strength of 
13 tons/sq.in. for material up to 14 s.w.g. and 9 tons/ 
sq.in. for material ~ in. to } in. thick, a range which 
incidentally covers a large proportion of the gauges of 
material used in practice. It must be emphasised, 
however, that joints having properties quoted in this 
specification can only be produced by welders who are 
not only highly trained but are frequently in practice. 
This is a most important point applicable to most 
metals and one which, if overlooked, can result in a 
great many disappointments. Experience has shown 
that even the most expert of welders requires some 
extra practice to re-establish coordination of hand and 
eye even if he has been away from welding one par- 
ticular metal for only a short period, and while this is 
particularly true with the gas welding of copper, the 
general principle applies equally to the welding of all 
materials, whatever the process. 

The mechanical properties and soundness of oxy- 
acetylene welds, especially those in thick plate, are 
considerably improved by hammering, and this treat- 
ment is most effective if carried out while the weld is 
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1—All-welded locomotive firebox from phosphorus-deoxidised 
arsenical copper plate 


still hot. This procedure forms the basis of the ‘inter- 
mittent method’ of welding in which about 3 in. of 
the seam is completed and the deposited metal is 
then immediately worked by means of pneumatic 
hammers. Fillet welds are avoided with the oxy- 
acetylene process because of the difficulty of hammer- 
ing these joints and also on account of the risk of 


cracking. However, despite these difficulties, this 
method was and still is extensively employed for the 
manufacture of all types of plant. A particularly out- 
standing example of the high standards of workman- 
ship possible with this process is illustrated in Fig. 1 
which depicts an all-welded locomotive firebox 
fabricated from ;& in. thick phosphorus-deoxidised 
arsenical copper plate. With the advent of diesel 
locomotives interest in the U.K. in steam locomotives 
has declined, but they are still used abroad and a 
large amount of repair work is still carried out on 
existing fireboxes, a matter which will be referred to 
later. 

The carbon-arc and conventional metal-are pro- 
cesses have never been widely adopted for welding 
copper in Britain, for autogenous joints are porous 
and of low strength. Indeed, apart from the work of 
Lessel, in 1936, who produced a coated deoxidised 
copper rod for metal-arc welding, little effort appears 
to have been made to overcome this problem. In 
addition, despite the high heat input possible with 
these methods, preheating was often necessary, 
especially with thick sections. 

Similar difficulties were encountered when the 
argonarc process was first introduced, and experience 
established that autogenous welds and those produced 
using the standard copper-1% silver filler rods 
recommended for gas welding contain significant 
amounts of gas porosity, and a great deal of research 
has been carried out to overcome this problem. As a 
result of this work, special filler rods have been 
developed which are essentially similar in composi- 
tion to that of the parent material but contain small 
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amounts of powerful deoxidants, such as silicon, 
manganese, titanium, aluminium, or boron, either 
separately or in combination, and these are now widely 
used in industry. With these fillers, sound welds, 
having mechanical properties approaching those of 
the parent material, can be produced without the need 
for any post-welding treatment. Sunilar filler materials 
in wire form have also been found suitable for use with 
the inert-gas metal-arc process, and with this method 
the range of sections which can be welded is signifi- 
cantly increased. Even so, with both processes pre- 
heating is necessary with material exceeding } in. 
thick, and the welding of very thick sections still 
presents difficulties. By contrast with gas welding, use 
of the inert-gas shielded-arc processes permits higher 
welding speeds to be attained, the width of the heat- 
affected zone is reduced, and multi-run welds and 
positional welding is possible. Typical examples of 
items of plant fabricated throughout by the inert-gas 
metal-are process are illustrated in Figs. 2 and 3. The 
jacketed vessel was 4 ft dia. and was fabricated from 
# in. thick phosphorus-deoxidised copper plate, and 
the figure shows branch attachments and gusset 
plates; the crucibles were constructed from ~ in. 
plate and were fitted with 14 in. thick weld neck 
copper flanges. 

So far reference has been confined to argon shielding 
only but results of research work carried out some 
years ago* established that nitrogen can be substituted 


2—Jacketed copper vessel approximately 4 ft dia. % in. wall 
thickness 
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4—Typical copper fireback boiler for domestic use, fabricated by 
nitrogen arc welding 


for argon in the tungsten-arc process with several 
important practical and economic advantages. Arc 
voltages in nitrogen are higher than those in argon 
and hence for comparable welding current settings 
greater power is available, thus enabling higher heat 
inputs to be obtained. Increased heat transfer in 
nitrogen arcs is considered to be due to dissociation of 
nitrogen molecules in the arc column, the subsequent 
re-association liberating energy at the electrodes. The 
practical implication of these findings is that, for 
example, } in. thick copper plate can be welded with 
current settings similar to those required for argonarc 
welding material } in. thick. Another important con- 
sideration is that nitrogen is considerably cheaper than 
argon. In operating the process the use of a thoriated 
tungsten electrode with direct current is essential. 
The considerable delay which often occurs between 
the publication of research results and their adoption 
in industrial practice, is clearly exemplified here, for 
although this process was developed in 1952, it is only 


3—Copper crucibles fabricated using 
the inert-gas metal-arc process 


comparatively recently that the method has aroused 
more than a mild interest. It must be assumed that this 
attitude is partly associated with the fact that to 
overcome porosity in welds made by this process, a 
special filler rod (Nitrofil) was developed containing 
small amounts of aluminium and titanium, and 
manipulation with this filler material is somewhat 
more difficult than with the more free-flowing alloys. 
In addition, a higher degree of skill is required on the 
part of the operator, but with experience welds of very 
high quality can be produced. Considerable use is now 
made of this process in the repair of locomotive fire- 
boxes, and this method has superseded oxyacetylene 
welding in this particular application. Furthermore, 
many manufacturers of copper fire-back boilers, 
which are normally produced from in. thick sheet, 
have adopted this technique with conspicuous suc- 
cess; a typical example of a small domestic backboiler 
unit is illustrated in Fig. 4. 


Copper alloys 

The thermal diffusivity of the copper alloys is 
significantly lower than that of pure copper, and 
fusion welding of these materials is, therefore, cor- 
respondingly easier. Nevertheless, each group of alloys 
possesses its own particular characteristics and these 
must be considered in conjunction with the specific 
welding process adopted. Gas welding, using fluxes to 
obtain satisfactory interfusion, is generally confined 
to the joining of relatively thin sheet and is particularly 
difficult with aluminium bronzes. Development of 
improved flux coatings that has occurred in recent 
years now enables a much wider range of sections to 
be joined by the metal-arc process, and this method of 
welding is useful for both aluminium bronze and 
cupro-nickel alloys. However, when multi-run welds 
are called for, thorough removal of slag between 
successive runs is important if satisfactory mechan- 
ical properties are to be obtained. With the inert-gas 
shielded-arc processes, joint quality is such that with 
the higher standards of inspection demanded for 
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5—Large tubular cooler fabricated 
from aluminium brass 


welded fabrication, there is an increased preference 
for these methods. 

Copper-silicon-manganese alloys, of which Everdur 
is perhaps the best known in Britain, are among the 
easiest of copper alloys to weld and they are, in fact, 
used for the construction of several types of chemical 
plant vessel. In view of their excellent properties it is 
rather surprising that these alloys are not used more 
widely. 

The most important characteristic of the copper- 
zinc alloys is the tendency for zinc to volatilise at the 
fusion temperature. Even below this, at temperatures 
from about 400°C. and upwards, zinc volatilises from 
the surface of the solid alloys, but when the metal 


6—Seal-welded tubular heat-exchanger of aluminium brass 
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melts zinc loss becomes extremely rapid resulting in 
the formation of copious and unhealthy oxide fumes. 
For this reason the welding of brass is generally con- 
fined to relatively light gauge material and, by contrast 
with copper, autogenous argonarc welds are free from 
significant amounts of gas porosity. Advantage is 
taken of this fact in the manufacture of certain types 
of light-gauge water heaters by using mild copper-zinc 
alloys containing up to 3 % zinc. For these components 
flanged edges are melted down without using any 
special filler rod and this procedure has enabled 
many of the difficulties encountered with copper to be 
overcome. Addition of about 2°% aluminium to the 
brasses increases their strength but, more importantly, 
the presence of this element improves their corrosion 
resistance. Because of its attractive properties, 
aluminium brass has been used for some special 
welded assemblies even though difficulties in welding 
this material increase rapidly above about } in. thick. 
A particularly good example is shown in Fig. 5, which 
illustrates a large tubular cooling coil having all tubes 
welded together externally. Autogenous welding was 
not possible because of problems with evolution of 
zinc, but satisfactory results were obtained with the 
inert-gas metal-arc process using a complex aluminium 
bronze filler wire. In recent years there has been an 
increasing interest in the use of seal welding for the 
attachment of non-ferrous tubes to tube plates so as 
to avoid the risk of coolant and product interacting. 
This method has been successfully used for the manu- 
facture of heat-exchanger equipment in aluminium 
brass, and one of the components produced by seal 
welding is illustrated in Fig. 6. 

Aluminium bronze alloys have become increasingly 
important in chemical and marine applications by 
virtue of their good mechanical properties and excel- 
lent corrosion resistance in many media. To a large 
extent renewed interest in these alloys has followed 
the introduction of the inert-gas shielded-arc processes. 
Although considerable use is made of both the binary 
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alloy containing 7 °% aluminium and the more complex 
alloys having substantial additions of iron, nickel, 
and manganese, most interest centres at present 
round the ternary copper-aluminium-iron alloy con- 
taining 6-8 % aluminium and 1-5-3-5% iron, which is 
an alpha alloy of American origin and which conforms 
to A.S.T.M. specification B.171 type D. Some diffi- 
culties have been encountered in practice with this 
material, and detailed results of many investigations 
have been published.*-* The main problems initially 
encountered with autogenous welds of this material on 
the shop floor were cracking and brittleness in multi- 
run welds. As a result of several laboratory investiga- 
tions it has been demonstrated that the hot cracking 
susceptibility of aluminium bronze welds is not serious 
and it can be avoided with correct techniques. The 
problem of weld root embrittlement has not been 
completely solved, although it is considered that it is 
related to the presence of minor impurities, for the 
defect does not invariably occur. It can, however, be 
avoided by using a more highly alloyed filler material 
such as that corresponding to A.S.T.M. specification 
B 171 type E, which is a duplex alloy containing sub- 
stantial additions of iron, nickel, and manganese. A 
particularly outstanding example of the use of thick 
aluminium bronze plate of Alloy D composition is 
shown in Fig. 7, which illustrates water and return 
end boxes for use in conjunction with a 4-pass heat- 
exchanger having a mild steel shell and employing 
sea-water as a coolant. Full details of the fabrication of 
these components have been given in the technical 
literature® but it is worth noting that the barrel of the 
water box was fabricated without difficulty from 3 in. 
thick plate with the inert-gas metal-arc process and 
that the mild steel flanges that were attached to the 
barrel were first overlaid with aluminium bronze 
before the fillet welds were made. The mating faces of 
the mild steel slip-on flanges fitted to the branch pipes 
were also overlaid with aluminium bronze Alloy E. 

It is not altogether surprising that in many respects 
the behaviour of cupro-nickel alloys resembles that of 
pure nickel. In particular, these alloys are extremely 
sensitive to minor impurities such as sulphur, lead, 
and phosphorus, the presence of which increases the 


7—Water and return end boxes fabricated 
from aluminium bronze Alloy D 


risk of hot cracking. For this reason manufacturers of 
these alloys adopt special practices to restrict levels to 
safe limits but it is relevant to point out that this care 
can be nullified by careless handling during fabrication 
for surface contamination with both sulphur and lead 
can result from oil residues or paint films and cause 
difficulty in welding operations. When molten, cupro- 
nickels are also capable of dissolving large quantities 
of gas, which are subsequently rejected on solidifica- 
tion with a serious risk of porosity occurring. With all 
fusion welding processes, therefore, particular care 
must be taken to ensure that oxygen and hydrogen are 
not absorbed in the weld pool. As with many of the 
other copper alloys already discussed, gas welding of 
cupro-nickel alloys is confined to the joining of very 
thin sheet, and fluxes used must be free from boron 
which forms a brittle eutectic alloy at the edges of the 
weld and at the joint interfaces. With the metal-arc 
process, coated electrodes for each individual alloy 
are not available, but several new electrodes have 


8—Typical examples of sections of inflated tube-in-strip 
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recently been introduced. In many instances special 
additions are made to eliminate porosity and other 
undesirable features, and it must not be overlooked 
that often the strength of the filler overmatches that of 
the plate in the annealed condition, and moreover the 
high melting range of some electrode compositions can 
lead to manipulative and other difficulties. Auto- 
genous welding with the inert-gas_ shielded-arc 
processes is not possible, and special filler rods con- 
taining small amounts of powerful deoxidants are 
essential to obtain sound joints. Mechanical properties 
and corrosion resistance of such joints are virtually 
identical to those of wrought annealed material what- 
ever the composition of the alloy. Both 70/30 and 
80/20 cupro-nickel alloys are employed for applica- 
tions where service conditions are onerous, although it 
must be admitted that their use is not at present wide- 
spread. However, in the marine engineering field 
extensive use is made of the 94/5/1 copper-nickel-iron 
alloy for welded trunking because of its excellent 
resistance to corrosion by seawater, and this is almost 
invariably fabricated by argonarc welding. 


Aluminium and Aluminium Alloys 


When the outstanding physical and chemical 
properties of the various grades of commercially pure 
aluminium and its alloys are considered, namely, low 
specific gravity, high conductivity, and good resistance 
to corrosion in many media, it is not suprising that 
designers and engineers have taken an increasing 
interest in utilising these materials for the fabrication 
of plant of all kinds. It is apparent, however, that some 
of these characteristics are responsible for difficulties 
that arise in welding operations. Indeed, it is worth 
recalling that only a few years ago one of the greatest 
obstacles to the successful fusion welding of alumin- 
ium was concerned with the somewhat paradoxical 
situation arising from the intense affinity of aluminium 
for oxygen and the need to remove the tenacious and 


9—Typical refrigerator elements pro- 
duced by roll bonding 


refractory oxide formed before satisfactory interfusion 
could occur. This oxide, alumina, possesses a very 
high melting point and is insoluble in both liquid and 
solid aluminium, and it was not until highly active 
fluxes containing chlorides and fluorides of lithium, 
sodium, and potassium were developed that fusion 
welding by oxyacetylene and oxy-hydrogen processes 
became possible, As a consequence of these difficulties 
the first aluminium vessels were manufactured by hot 
pressure welding using a hammering technique. 
Although such pressure welding methods have been 
displaced in the general field of aluminium welding 
they are still used in certain rather special applications. 
The so-called tube-in-strip, with its immense possi- 
bilities to the heat transfer designer, and the produc- 
tion of refrigerator elements with intricate flow paths, 
are very modern examples of the application of this 
older process of welding (Figs. 8 and 9). 

Most welding processes possess some disadvantages, 
and those associated with gas welding are well known. 
Thus, removal of all flux residues after welding is 
imperative to avoid severe corrosive attack. For most 
applications, therefore, only butt joints are considered 
to be satisfactory and these must be located so that 
thorough post-welding cleaning treatments can be 
carried out. Fillet welding is not recommended but 
where this cannot be avoided the ends of joints must 
be sealed to prevent ingress of moisture. Moreover, 
reaction between flux and oxide results in the form- 
ation of a slag whose density is similar to that of 
aluminium and there is, therefore, a considerable 
risk of inclusions, a problem which increases in 
severity with increase in thickness of material being 
joined. However, despite these difficulties, which 
impose limitations in design, the method has been 
extensively employed since the beginning of this 
century and it must not be overlooked that some 
advanced items of plant were constructed by this 
process as far back as 1910, and even today oxy- 
acetylene welding is extensively used for many light- 
gauge sheet metal constructions. 

It is, however, generally conceded that but for the 
introduction of the inert-gas shielded-arc processes the 
welding of many items of aluminium plant, now 
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regarded as commonplace, would scarcely have been 
possible. Indeed, for many applications where welds 
of the highest quality are mandatory, the inert-gas 
tungsten-arc process and inert-gas metal-arc process 
are invariably specified. The chief merit of these 
processes, in so far as aluminium and its alloys are 
concerned, is that the oxide film is dispersed by the arc 
when the work is the cathode, without the need to use 
troublesome corrosive fluxes. Other well known 
advantages are that high rates of heat input can be 
attained, a feature which is particularly important 
when dealing with materials of high thermal con- 
ductivity, and heat-affected zones are narrow with a 
consequent reduction of distortion and risk of crack- 
ing. The tungsten-arc process is generally used for 
welding material from about 20 s.w.g. to 4 in. thick, 
this upper limit being governed by the fact that with 
thicker sections the process is economically less 
attractive. By contrast, the inert-gas metal-are process 
in its conventional form is employed when manual 
welding material ; in. and upwards and satisfactory 
joints have been produced in sections 6 in. thick. It is 
claimed’ that material as thin as 14 s.w.g. can be 
welded when automatic techniques are employed. 
Recent developments with the latter process have 
resulted in the introduction of equipment capable of 
feeding fine wires, thus enabling joints to be produced 
in sheet as thin as 16 s.w.g. It is apparent, therefore, 
that the spheres of application of these processes 
overlap, but they are not completely interchangeable 
and they should be regarded as complementary. 
For example, whenever possible, the inert-gas metal- 
arc process is preferred for fillet welding because 
adequate root penetration is more easily and more 
consistently achieved than with the .argonare process. 
Nevertheless, consideration must be given to the 
geometry of the joint, for it is difficult to produce 
satisfactory fillet welds on small diameter pipes with 
the inert-gas metal-arc process because of manipula- 
tive difficulties associated with the high speed of 
operation, and in this instance tungsten-arc welding 
would be mandatory. Although the introduction and 
development of argonarc and inert-gas shielded-arc 
welding has made aluminium a much more weldable 
metal, there are still some problems to be solved. One 
of these is concerned with the occurrence of porosity 
in inert-gas metal-arc welds of commercially pure 
aluminium. Although hydrogen is known to be the gas 
responsible for porosity in this material, the precise 
source of this contaminant is less certain, and ad- 
ditional research is needed to solve the problem. 
With tungsten arc welding, quality of joints can be 
adversely affected by the presence of tungsten in- 
clusions and by oxide films. The former are usually 
associated with the use of too high a welding current 
for a given size of electrode or with the inadvertent 
contact of the electrode with the work. These in- 
clusions can reduce the corrosion resistance of joints 
in some instances, and every care must be taken to 
ensure that the correct techniques are adopted. Oxide 
inclusions especially in the form of long stringers are 
particularly serious, for they function virtually as 
cracks and, depending on their distribution, they can 
result in a significant reduction in joint strength. This 
defect may be present in any weld but it is particu- 
larly liable to occur in double-operator vertical weld- 


ing unless very skilful operators, experienced in work- 
ing together, are employed. It must be emphasised, 
however, that many of these difficulties can be avoided 
by adopting correct joint configurations and by 
maintaining high standards of cleanliness. 

A particularly interesting example of the application 
of this technique to the construction of the main shell 
of a large reaction vessel for Harwell in $ in. thick 
99-8°% aluminium has been described in some detail 
by Lancaster.* Attention is drawn to this because the 
demands made on the fabricator were particularly 
severe and it was appreciated at the outset that even 
with the greatly improved welding techniques now 
available, the best weld quality possible with alumin- 
ium is still below that attainable with steel. This 
author outlines the various problems which were 
encountered and the way in which these were mini- 
mised. Of particular interest is the fact that a well- 
defined standard of inspection was set up in which a 
realistic interpretation of the best quality of joint 
attainable in practice was made. 

With the inert-gas metal-arc process weld porosity is 
probably the most serious problem encountered. 
However, provided that correct operating conditions 
are selected and the correct techniques employed, the 
extent of this defect is not serious in most weldable 
aluminium alloys. More difficulty is, however, ex- 
perienced in obtaining sound welds of commercially 
pure aluminium especially when thick sections are 
involved. Another problem which arises with thick 
sections of commercially pure aluminium is that at 
welding currents exceeding 350 amp the arc becomes 
erratic, resulting in the formation of a weld bead 
containing oxide films. This condition is now well 
known as ‘puckering’ and it is believed to be associated 








10—Complex secondary surface heat-exchanger assembly for 
tonnage oxygen plant 
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with turbulence set up around the arc stream con- 
sequent upon the action of the so-called plasma jet 
which disturbs the argon shroud. The problem can be 
minimised by working with welding currents below 
this critical value and by preheating. It is worthwhile 
stating that this restriction does not apply to most 
aluminium alloys and they can be welded with much 
higher currents than that already mentioned. Of the 
alloys available the most widely used for the fabrica- 
tion of plant comprise commercially pure aluminium, 
the aluminium-1}% manganese alloy (N3), the 
aluminium—magnesium alloys containing 2-5-5:5% 
magnesium (N4, N5, NPS5/6, N6), and to a lesser 
extent the aluminium—magnesium-silicon alloys of the 
H30 type. Each of these materials finds use in par- 
ticular applications where advantage can be taken of 
some special property or characteristic. 

Despite the relatively low strength of pure alumin- 
ium, it is extensively employed for service in mildly 
corrosive conditions in many industries where colour 
contamination of the product would be a serious 
matter. It is also used greatly in the chemical industry 
for vessels of all kinds because of its excellent resist- 
ance to many corrosive fluids of an oxidising nature 
(e.g., strong nitric acid). The importance of a thorough 
understanding of the metallurgical changes that 
result when wrought material is remelted, as in fusion 
welds, thus reforming its original cast structure and the 
concurrent effect of the imposed thermal cycle on the 
zones of material immediately adjacent to the weld is 
perhaps well exemplified by brief reference to changes 
which occur with commercially pure aluminium of 
99-5 °% purity. This material contains small amounts of 
iron and silicon as impurities which separate out as 
continuous films at grain boundaries in the cast 
structure. Similar but less marked effects are also 
apparent in the heat-affected zone. The constitucut 
formed is anodic to the remaining material and is thus 
preferentially attacked in corrosive media. It is, 
therefore, extremely important, if premature failure 
of expensive equipment is to be avoided, either to 
eliminate these films or to reduce their effect. Several 
methods of achieving this object have been used in 
practice. Thus, the cast structure and adjacent regions 
are subjected to hot working operations or to cold 
working treatments followed by annealing so as to 
break up the grain boundary films. Similar procedures 
are adopted when autogenous argonarc welds are 


11—Carbonation tower used in the manufacture of 
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produced, but it has been established that if filler rods 
of higher purity (99-8°%) are employed with this 
process, hot hammering of 99-5°% aluminium is not 
required.* 

The view that grain boundary constituents con- 
taining iron and silicon are primarily responsible for 
the increased susceptibility of commercially pure 
aluminium to corrosive attack has been held for 
some time, but recently it has been tentatively sug- 
gested® that segregation of small amounts of copper to 
grain boundary regions may be a more potent source 
of trouble than has been hitherto suspected. 

The aluminium—manganese alloy (N3) has a slightly 
higher strength than commercially pure aluminium 
and because of its good welding characteristics it is 
often used for the construction of heat-exchangers. A 
typical fabrication is illustrated in Fig. 10 in which 
both flux-dip brazing and argonare welding tech- 
niques have been used to produce the complex 
assembly depicted. This alloy also offers good resist- 
ance to attack from ammoniacal liquors containing 
carbon dioxide, and it has therefore been used in the 
chemical industry for the fabrication of ‘carbonator’ 
towers used in the manufacture of ammonium car- 
bonate. These towers are 50 ft high x 13 ft dia. and are 
fabricated from -% in. and 4 in. plate using the inert- 
gas metal-are process (Fig. 11). 

One of the most important groups of non-heat- 
treatable aluminium alloys is that containing 
between 2:5 and 5-5% magnesium, which possesses 
significantly better mechanical properties than those 
of the commercially pure material. However, because 
of difficulties encountered with gas welding of alloys 
containing more than about 2-5% magnesium, full 
exploitation of the useful range of mechanical prop- 
erties which these alloys possess has only become 
possible following the introduction of the newer arc 
welding processes; with the aluminium-2-:5% mag- 
nesium alloy (N4) there is a risk of cracking if filler 
rods of similar composition are employed, and it is 
common practice to weld this alloy and the others in 
the series with an aluminium-5% magnesium filler 
(N6). 

Aluminium-magnesium alloys containing about 
5% magnesium have attractive mechanical properties 
and they are therefore extensively used for the fabrica- 
tion of a wide range of plant, including bulk transport 
vessels (Fig. 12), vacuum vessels and spheres (Fig. 13) 
for special purposes. 

It is perhaps worth noting that although it has been 
known for a considerable period that aluminium— 
magnesium alloys containing more than 6% magnes- 
ium are susceptible to stress corrosion cracking, more 
recent work has established that, under certain con- 
ditions, alloys of lower magnesium content also 
exhibit this feature when subjected to prolonged 
exposure at mildly elevated temperatures, owing to 
precipitation of grain boundary films of an aluminium 
magnesium compound. It has, therefore, been recom- 
mended that, when these alloys are used for pressure 
vessel work, those containing more than about 3% 
magnesium should not be recommended for service at 
temperatures above about 50°C., and that for the 
same reason alloys of lower magnesium content 
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* Unpublished work. 
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12 -Bulk transport vessel having #, in. thick aluminium-5% 
magnesium shell. Fabricated by argonarc welding 


14—Welded pressure vessel for high-temperature peroxide or 


liquid oxygen 


should not be welded with aluminium—5 % magnesium 
fillers when service conditions are likely to be similar 
to those mentioned. It must be emphasised that, as 
far as is known, very few problems have been en- 
countered in practice from this source, but clearly 





13—Spherical vessel fabricated from thick aluminium-5% 
magnesium alloy plate 








with the increasing use of these alloys for onerous 
service, cognizance must be taken of recent findings. 

As is well established, aluminium and its alloys do 
not exhibit any brittle behaviour at sub-zero tempera- 
tures even as low as —195°C. These materials are, 
therefore, extensively used for the manufacture of 
tonnage oxygen plant, in the fabrication of vessels, 
for transporting or containing liquid oxygen (Fig. 14) 
and in the storage of various gases associated with oil 
production. 

A particularly outstanding example of the use of the 
aluminium-5 % magnesium alloy for low-temperature 
duties concerns the construction and installation of 
plant for handling and storage of liquid methane. 
Some 2000 ft of 10 in. dia. piping was fabricated by 
tungsten-arc welding on site for carrying the imported 
liquid methane to large storage tanks sited at Canvey 
Island, Essex. These tanks were about 50 ft high x 
50 ft dia. and they were constructed from 3 in. and 
§ in. plate using the inert-gas shielded-arc process. To 
maintain the liquid at the requisite temperature the 
aluminium tank was surrounded by a 3 ft layer of 
insulating material, this being contained within an 
outer steel shell. Figure 15 shows a general view of the 
storage installations, whilst Fig. 16 depicts one of the 
manifolds for the top of the tanks. 

It is clear from the foregoing that in recent years a 
considerable background of metallurgical, practical, 
and operating experience has been built up consequent 
upon the design and construction of many items of 
aluminium plant. Indeed, in almost every field of 














INGLIS AND TAYLOR: WELDING IN THE NON-FERROUS FIELD 


15—General view of methane storage 
tanks 


engineering, usage of aluminium is increasing and 
many of the difficulties initially encountered have now 
been overcome by the pioneer work of many fabri- 
cators. Some problems remain to be solved but these 
are not of sufficient magnitude to deter any from 
taking full advantage of the characteristic properties 
of these alloys. 





16—Example of complex manifold for top of methane storage 
tanks 








Nickel and Nickel Alloys 


Some of the physical properties of nickel, namely its 
melting point, thermal conductivity, and coefficient of 
thermal expansion are similar to those of mild steel, 
but when chemical properties are reviewed many 
differences become apparent. For example, nickel and 
its alloys possess an excellent resistance to corrosion 
to a wide variety of organic and inorganic chemicals 
and this fact, coupled with the good mechanical 
properties, makes them attractive materials of con- 
struction for a wide variety of chemical plant. Several 
grades of wrought nickel are available but that con- 
taining a maximum carbon content of 0-02% is 
recommended for plant handling concentrated caustic 
soda or Operating at temperatures above about 
300°C., to avoid the risk of intergranular attack. Of the 
available nickel alloys, the nickel-copper alloy 
corresponding in composition to Monel metal, is 
extensively used, for this alloy has a better resistance 
to corrosion than pure nickel towards some reagents 
and it is of particular value in the production of 
ammonium sulphate, in the handling of sulphonated or- 
ganic compounds used in the production of detergents, 
and for certain plant in the petroleum industry.® In 
recent years many new high-nickel alloys have been de- 
veloped to meet the increasingly arduous demands for 
materials of construction having better properties in 
one way or another than those of existing materials. 
However, it is.clearly not possible within the scope of 
this paper to consider each of these in detail, and brief 
reference only is possible to certain of these materials. 
For example, nickel-chromium-iron alloys possess a 
high degree of resistance to a wide range of organic 
compounds, nickel-molybdenum alloys resist hot 
concentrated hydrochloric acid, nickel-molybdenum- 
chromium alloys are suitable for handling wet 
chlorine under conditions where the only other 
possible wrought materials capable of providing 
useful life are titanium and tantalum. 
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17—Caustic soda evaporator in low-carbon nickel 





18—Construction by argonarc welding of Monel elements for 
salt water evaporation 


The presence in nickel and its alloys of small 
amounts of such elements as lead, sulphur, and 
phosphorus may cause hot cracking in the weld or 
heat-affected zone, and the purity of both filler 
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19—Caustic stripper column in Monel metal and installed at the 
Lobitos Oil Refinery, Ellesmere Port 
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materials and parent plates is carefully controlled 
during manufacture to ensure that these elements do 
not exceed certain specified amounts. However, it is 
also equally important to ensure that, before welding, 
all traces of possible surface contamination are 
removed from both filler metal and parent material. 
In this respect sulphur is particularly damaging to 
nickel, for it forms a low-melting-point eutectic alloy 
which solidifies at grain boundaries, markedly im- 
pairing ductility at room temperature and at elevated 
temperatures. To avoid the risk of stress cracking it is 
generally recommended that the non-age-hardenable 
nickel alloys should be welded in the fully annealed 
condition. 

Although nickel and its alloys can be fusion welded 
by the oxyacetylene, metal-arc, and inert-gas shielded- 
arc processes, the first mentioned method is nowadays 
largely confined to site work and for repair work. In 
particular, use of this process is not recommended for 
joining nickel-molybdenum alloys or nickel—-molyb- 
denum-chromium alloys because the low rate of heat 
input available with this process leads to an excessive 
amount of grain boundary precipitate near the weld, 
and even with arc-welding processes a post-weld heat 
treatment at high temperature may be required to 
dissolve this precipitate so as to avoid local corrosive 
attack in some environments. Metal-arc welding is 
perhaps the most extensively used process especially 





















































































for material thicker than about + in. but increasing 
use is being made of argonarc welding for the thinner 
gauges of sheet, where it is tending to replace gas 
welding, and it is also used for making the root run in 
pipe butt welds. Typical examples of plant fabricated 
by these processes are illustrated in Figs. 17-19. As 
with copper and some copper alloys, special filler 
wires containing powerful deoxidants are required for 
welding nickel and nickel-copper alloys with the 
inert-gas arc processes to avoid the risk of porosity, 
which is considered to stem from reactions between 
carbon and residual oxygen. 


Silver 


The fact that silver has been used from ancient 
times for decorative purposes is well known, but it is 
perhaps less widely appreciated that there is a signifi- 
cant demand for this metal in the chemical industry on 
account of its excellent corrosion resistance to a wide 
range of both organic and inorganic chemicals. For 
example, silver components are used in the purification 
by distillation of many organic acids, for the proces- 
sing of foods, particularly those containing fruit acids 
and vinegar, and for handling hot concentrated 
caustic liquors. It is also employed in processes where 
there is a risk of contamination of the product by the 
material used as a containment vessel. The high cost of 
silver demands that careful consideration be given to 
ensure that the initial capital expenditure is justified 
and, until comparatively recently, use of this metal 
often provided the only solution to problems en- 
countered in handling many chemical substances. 
More choice is available nowadays, and on a first cost 
basis titanium rivals the corrosion resistant properties 
of silver. However, from the evidence available, silver 
is likely to be in demand for many years since much of 
its initial cost is offset by the very high scrap recovery 
value of this metal. 

High-purity silver is normally desirable for plant 
construction, and the tensile strength of this metal in 
the annealed condition is only 9 tons/sq.in.; for most 
applications, therefore, silver is generally used as a 
lining material. It is, however, also employed for 
thin-wall tubing for cooling coils and for condenser 
tubes. 

Fusion welding of the metal is rendered difficult by 
virtue of its very high thermal conductivity, which is 
greater than that of any other known metal, and also 
because of its high affinity for oxygen. In this respect 
silver dissolves about 20 times its own volume of 
oxygen just above its melting point, and less than one 
volume immediately below this temperature. On 
solidification, ejection of gas occurs with considerable 
force, and it is therefore very difficult to ensure 
freedom from porosity and blistering. To add to these 
difficulties recent work has also shown that other 
gases such as hydrogen and water vapour contribute 
to the formation of gas porosity. Until comparatively 
recently silver was generally welded by an oxy-fuel-gas 
process, the oxy-hydrogen flame being preferred. 
Autogenous welds invariably contain a large amount 
of gas porosity but as a result of research work on this 
problem’® a special silver-0-5°% aluminium filler rod 
was developed for gas welding which, in conjunction 
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with a suitable flux, enables sound welds to be pro- 
duced. Addition of aluminium results in the formation 
of aluminium oxide which is stable at the welding 
temperature, and this prevents the release of oxygen 
during solidification. More recent work has demon- 
strated that it is possible to produce autogenous 
welds in silver with the inert-gas tungsten-arc process, 
for the argon shield protects the molten weld pool from 
the effects of atmospheric contamination. Whichever 
method is adopted, specially trained operators must 
be employed for this work and very careful attention 
must be given to ensure that the correct preheating 
temperature is employed, and a relatively slow rate of 
welding must be adopted to ensure that solidification 
of the molten bead occurs as slowly as possible. 

By contrast with the methods already described, 
advantage is often taken of a unique property of the 
noble metals, namely that of instability of their 
oxide, to produce pressure welds in components of 
suitable geometry. With silver, joints of excellent 
quality can be produced by heating to about 450°C. in 
air and applying a suitable pressure. Because of the 
plasticity of silver at this temperature close control of 
forging temperature is required to avoid excessive flow 
of the metal. A typical example of a component forge 
welded for plant service is illustrated in Fig. 20. 


Titanium 


Although titanium was first recognised in 1791 and 
first isolated in 1825, it is only within the past decade 
that economic large-scale production methods have 
been developed in Britain and abroad. Titanium is a 
metal with a specific gravity less than 60% that of 
steel, a capability of providing alloys of strength equal 
to that of high-tensile steel, and a remarkably high 
resistance to corrosion. Such a combination of 





20—Silver component produced by pressure welding 
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properties is attractive to engineers in many fields but 
particularly to the aircraft and aero-engine manu- 
facturer. High speed and space flight demanded a 
strong, light metal capable of operating at tempera- 
tures higher than can be achieved with the existing 
light metals. This specific requirement, which titanium 
meets, combined with developments in vacuum 
technology and other branches of process develop- 
ment which allowed its production on an industrial 
scale, resulted in the emergence of this metal on the 
commercial scene after lying dormant, so to speak, for 
over a century. Although the impetus for its extremely 
rapid development undoubtedly came from the 
aeronautical interests, its great corrosion resistance is 
now resulting in its use over a much wider field. 
Historically, titanium could well follow the path taken 
by aluminium, which, in its early days, found its 
main outlet in aircraft but which now accounts for a 
relatively small percentage of aluminium tonnage. 

Much has been written about the corrosion resist- 
ance of titanium. In an endeavour to give an overall 
picture of this as briefly as possible the following 
statement is quoted from a previous paper by one of 
the authors.” 

“Recently, when examining a table of corrosion 
data covering the action of 220 different corrosive 
media, the writer noted that in 172 cases titanium 
was in class A of the classification used by the U.S. 
Electro-Chemical Society, i.e., attack was less than 
0-005 in. per year. In 25 other cases it was in their 
class B, i.e., attack between 0-005 in. and 0-05 in. 
per year which, depending on various circumstances, 
is often regarded as tolerable. In 23 cases only out of 
220 was the rate of attack such as to make titanium 
unsuitable for use. These are very remarkable 
figures and clearly put titanium in what might be 
termed without exaggeration the super corrosion- 
resistant class.” 

Whilst space will not permit detailed reference to 
the resistance to particular corrodents, a few words 
must be spared to refer to its really remarkable 
resistance to that most ubiquitous of all corrodents, 
seawater with various degrees of pollution. It has 
been shown that: 


(a) There is virtually no attack at all on titanium after several 
years of immersion in polluted seawater 

(6) Very prolonged jet impingement tests with polluted sea- 
water which have ‘holed’ the well known condenser tube 
alloys in a few hundred hours have failed to cause any 
attack on titanium after 10,000 hours test 

(c) Titanium is almost completely unattacked under ‘deposit’ 
or differential aeration conditions which can be so 
disastrous to the corrosion resistant steels 

(d) The fatigue limit in seawater is found actually to be 
slightly greater than the fatigue limit in air. 


Clearly, if on account of its great corrosion resist- 
ance, titanium is used to an increasing extent in the 
chemical, petroleum, textile, and other industries, 
welding is of the utmost importance. The major 
difficulty which has to be overcome—and it can be 
said that it has been overcome—in the processing of 
titanium from raw metal to the forms, shapes, and 
articles required by engineers is the prevention of con- 
tamination by certain impurities. Small quantities of 
oxygen and nitrogen are not only readily absorbed if 
steps are not taken to prevent this, but they have a 


highly detrimental effect on the malleability and other 
properties. At high temperatures, and particularly at 
molten metal temperatures, titanium has a high 
solubility for oxygen, nitrogen, hydrogen, and 
carbon, and in all processing operations arrangements 
must be such as to exclude or minimise these. It is 
obvious, therefore, that the choice of a fusion welding 
method is strictly limited and is confined to inert-gas 
shielded-arc methods. Of these, the argonarc process 
is most widely used and there is now ample service 
experience to demonstrate conclusively that, provided 
that care is taken to protect every heated surface from 
atmospheric gases and also to ensure that the materials 
to be joined are free from grease and oxide fiims, 
titanium is one of the easiest metals to join. When 
welding titanium in the open air, a practice which is 
generally adopted for the larger components, protec- 
tion to the upper surface of the weld is provided by 
argon supplied from the welding torch, which may 
with advantage be fitted with an elongated nozzle 
designed to accommodate an auxiliary gas supply. 
Where joint geometry makes shielding difficult, as for 
instance when producing corner or edge welds, baffles 
fitted alongside the joint serve to provide a trough in 
which argon can collect. Protection of the under- 
surface of welds is very important, and the precise 
method by which this is achieved depends to a large 
extent on the shape of the components and on the 
welding technique employed. It is, however, not 
difficult to ensure adequate shielding and a simple 
method has been fully described in the technical 
literature.!* Provision of adequate shielding becomes 
more difficult when welding relatively small complex 
components, and in these instances it is often better to 
use a welding chamber. A wide variety of rigid and 
collapsible cabinets has been used from time to time 
but there is no doubt that the most satisfactory 
equipment consists essentially of a pressure vessel 
which can be evacuated to low pressure and then filled 
with argon before welding commences. Manipulation 
during welding is carried out through suitably located 
glove ports. One of the merits of this arrangement is 
that the standard torch can be replaced with a simple 
electrode holder designed to accommodate a range of 
tungsten electrodes, which permits increased accessi- 
bility to joints. It is important to emphasise, however, 
that much welding of titanium is successfully carried 
out in the shop without such devices only provided 
that the weld metal and the adjacent heated areas are 
adequately shielded. With the ingenuity found in most 
welding shops this is not difficult. 

When welding titanium, some form of quality 
control is essential, for while visual examination is 
useful for assessing the general appearance of welds, 
it is not wise to rely absolutely on surface appearance 
as an indication of the extent of contamination that 
might have occurred. Correct shielding, edge prepara- 
tion, welding currents, and welding speed should be 
carefully established by experiment, and the most 
satisfactory method of assessing quality is to measure 
the difference in hardness between the weld bead and 
heat-affected zone. With good practice it is quite 
possible to limit the extent of contamination to an 
increase in hardness of about 20-30 D.P.N. but for 
many applications hardness increments of twice these 
values may be acceptable, especially if the component 
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is not required to undergo any additional forming 
operations. It must be emphasised that these values 
apply only to the commercially pure material, for in 
general titanium alloys are much less tolerant of 
atmospheric contamination. When hardness measure- 


potas 


21—Titanium heat-exchanger employed on wet 
chlorine service. Titanium tubes welded to tube 
plate. End boxes lined with 20 s.w.g. titanium 
sheet 





ments are not possible bend tests provide a suitable 
alternative workshop test to assist in establishing 
welding conditions. Once these have been determined 
they should be maintained by close supervision and 
periodic check tests. With good practice, welds should 
be clean and bright, and surface stains on welds made 
in open air are usually indicative of oxidation at temp- 
eratures below the solidus. By contrast, stains on welds 
made in a chamber are a measure of the contamination 
that has occurred throughout the welding cycle. If stain- 
ing is only slight, it can be removed by pickling or 
scratch brushing without any significant effects on weld 
properties. If, however, marked dark blue staining 
occurs, a thorough revision of welding procedures 
should be carried out as soon as possible. Once the 
basic procedures have been mastered, a fairly easy 
task for an experienced argonarc welder, very few 
welding problems arise with titanium. For example, 
cracking of welds is encountered only when marked 
contamination occurs. However, an unexpected 
problem in titanium welds is that of porosity, but the 


incidence of this defect is slight and its effect on 
mechanical properties and formability is not signifi- 
cant. There is considerable evidence to support the view 
that this defect is due to argon trapped at abutting 
edges, for bead-on-plate deposits are invariably sound. 





22— Distillation column 42 ft long 5 ft dia., 
lined for most of its length with 16 s.w.g. 
ICI titanium sheet by argonarc welding 
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24—Cascade vessel fabricated by argonarc welding from 16 s.w.g. 
ICI titanium sheet 





25—All-welded conical trunking in ICI titanium for handling wet 
chlorine gas 


This defect can be avoided by ensuring that edges to be 
joined are as smooth as possible and by permitting an 
underbead of reasonable proportions to form during 
welding. 

Many small components, such as thermo-couple 
pockets, impellers, etc., are fabricated from solid 
titanium but for many of the larger components the 
corrosion resistance properties of the material are so 
extraordinary that very light gauge sheet is adequate 
and it is, therefore, often more economical to use the 
material as a lining. Unfortunately, it is not possible 
to join titanium directly to mild steel because of the 
formation of brittle intermetallic components but 


techniques have been developed which permit mech- 
anical methods of attachment and a very great number 
of lined vessels are in use. The measure of success that 
has been achieved with the development of welding 
techniques to the joining of this reactive metal is amply 
demonstrated by reference to the various items of 
plant illustrated in Figs. 21-26. : 
When considering possible means of fabricating 
components in titanium and its alloys, it must not be 
overlooked that in addition to fusion welding there 
are several other important methods available, namely 
flash butt welding, resistance spot and seam welding, 
and pressure welding. The chief merit of the first 
mentioned process is that a very uniform structure can 
be produced as a result of the forging action and 
consequent grain refinement. Figures 27a and b 
illustrate the structure of a typical weld. With this 
process, satisfactory joints can be produced in com- 
mercially pure titanium and most titanium alloys in 
sections up to about 4 sq.in. cross-sectional area, and 
the method is extremely useful for the fabrication of 
welded rings from which flanges are subsequently 
machined. As with fusion welding, however, welding 
conditions must be closely controlled and it is import- 
ant to use machines capable of providing rapid upset 
and burn-off characteristics. With large sections, 
argon shielding is essential to avoid contamination. 
The high electrical resistance of titanium and its 
alloys makes them eminently suited to resistance spot 
and seam welding techniques. Experience with this 
process has demonstrated that satisfactory joints can 
be produced with conventional equipment over a wide 
range of machine settings. Titanium sheet is supplied 
in the descaled and pickled condition and additional 
surface treatments are not essential before spot weld- 
ing, although it is advantageous lightly to abrade 
surfaces to be joined to ensure uniform contact 
resistance. No argon protection is necessary with these 





26—Component for drying equipment fabricated from 13 s.w.g. 
ICI titanium sheet by argonarc welding 


























techniques because of the short duration of the 
welding cycle. 

Where the geometry of sections permits, pressure 
welding is often a very convenient method of joining 
titanium parts, for this operation can be carried out at 
temperatures within the appropriate forging range of 
the alloy concerned, where the diffusion of hardening 
elements occurs at a relatively slow rate. Moreover, at 
the temperatures involved, titanium dissolves its own 
oxide and it is therefore relatively easy to remove the 
thin oxide film present at the joint interface. Pressure 
welds in commercially pure titanium and some of its 
alloys are as strong and ductile as the parent material, 
and in such joints it is extremely difficult to locate the 
original interface. 


Zirconium 


As might be expected, many of the properties of 
zirconium are similar to those of titanium. Equipment 
suitable for the melting, rolling, extrusion, and general 
processing of titanium can be—and is being—used 
for zirconium. The experience and general background 
knowledge acquired with titanium was applicable to 
zirconium so that the ‘birth pangs’ and ‘growing 
pains’ of zirconium were very much reduced. Prin- 
cipal interest in the metal at the present time is 
because it has a most desirable combination of 
properties which makes it particularly suitable for fuel 
sheaths and other components in certain types of 
nuclear reactor. It has low neutron absorption 
characteristics, it is compatible with nuclear fuel, and 
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27—Flash butt weld in ICI titanium 130: (a) Fine grain structure in weld resulting 
from forging action (x 12); (b) Detail of (a) at centreline of joint (x 75) 


it is highly resistant to pressurised water at tempera- 
tures approaching the critical point. Although the 
main use of zirconium and its alloys is unquestionably 
in nuclear engineering, where it is used for fuel 
sheaths, fuel element supports, tubes for control 
devices, etc., it should be noted that it is a highly 
corrosion resistant metal with resistance to some 
media even greater than titanium. 

Its fusion welding characteristics are essentially 
similar to those of titanium, and the argonarc type of 
welding technique is the only allowable method of 
fusion welding. The care needed to ensure adequate 
shielding and prevention of contamination, which has 
already been described for titanium, must be applied 
perhaps even more rigorously to zirconium. The extra 
emphasis on this aspect is made (a) because the rate of 
diffusion of oxygen and nitrogen in zirconium at a 
given high temperature is faster than in titanium, so 
that a very short period under contaminating con- 
ditions will have a bigger effect, and (b) zirconium is 
usually used under such extremely corrosive con- 
ditions (e.g., pressurised water at over 300°C.) that 
quite minor surface contamination, particularly by 
nitrogen, can greatly impair its effectiveness. Even so, 
the welding shops which have specialised in this metal 
have successfully overcome these difficulties and 
satisfactory welds in zirconium and the two zirconium 
alloys generally used have been achieved (Fig. 28). 
Many of the welding operations are carried out in 
closed chambers of the type already described, and 
their use is essential for certain specialised welding 
operations involving the attachment of end caps to 

















28—Halden fuel element shroud tubes fabricated 
from zirconium alloy sheet by argonarc 
welding. Tubes are 92 in. long x 2-874 
+0-008 in. o.d. x 0-043 in. thick 
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fuel elements where it is necessary to fill the fuel can 
with helium. Nevertheless, it must be emphasised that 
with care welds can be produced in the open air which 
meet the stringent corrosion test specification called 
for in reactor work. 


Conclusion 


Within a short review such as this it is not, of 
course, possible to give detailed information on all the 
alloys, welding processes, and plant mentioned, but it 
is hoped to have demonstrated the importance and 
flexibility of welding as applied to the fabrication of 
plant in non-ferrous metals and to have indicated that 
plant can be constructed by welding with confidence 
and reliability in a wide variety of non-ferrous metals. 

When one is reviewing progress in the past twenty 
or thirty years one is inevitably tempted to look into 
the crystal ball and attempt to forecast the lines of 
development and the progress in the decade or two 
ahead. New welding processes are being developed and 
the frontiers of welding knowledge are being extended. 
What are the prospects of electro-slag welding, ultra- 
sonic welding, electron beam welding, plasma arc 
devices, etc.? Will one or more of these make the same 
impact on the welding scene as the inert-gas shielded- 
arc processes have done in the past decade? Will some 
entirely new requirement arise which will demand an 
entirely different approach to our methods of joining 
metals? Will some new invention or novel design call 
for a metal not at present on the industrial map and 
thus raise another crop of welding problems? These 
are interesting and enjoyable speculations but we are 
pleased that our present task is to review the past 
rather than to foretell the future. 
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BOOK REVIEW 


B. M. G.Ltner: “Determination of the Mechanical and 
Technological Properties of Metals” (trans. from the 
Russian by E. Bishop), Oxford, 1960, Pergamon Press, 
160 pp. (50s.) 


This is an English translation of the Russian second 
edition. The first Russian edition was published in 1957 
and a translation was commissioned by the Pergamon 
Institute. Before this could be made available, however, a 
second edition was issued and the original translation was 
revised and prepared for publication. 

It is so designed that it provides, in a single small volume, 
a brief description of the methods used in determining the 
principal mechanical and technological properties of metals 
suitable for use by works’ laboratory personnel or tech- 
nical college students undertaking practical instruction in 
metal work. The book is divided into three sections—the 
first and major portion being devoted to the mechanical 
testing of metals, the second to methods of determining the 
mechanical properties of weld metal and welded joints, and 
the final section to the determination of the technological 
properties of metals. 

In the foreword to the English edition the reader is 
advised that it covers all the types of tests likely to be en- 
countered in the Soviet literature, including some such as 
hardenability and weldability tests which are seldom 
regarded by us as classical mechanical tests. In each case a 
definition is given of the characteristics to be determined 


followed by expressions from which the strength properties 
are to be calculated, by the form and dimensions of the test 
pieces, and finally a description is given of the test pro- 
cedure to be used with illustrations of the test equipment. 
Constructional details of the test equipment are not given 
and the reader must therefore consult specialized literature 
on such information as required. 

It is to be regretted that the publishers of this book have 
found it necessary to express their regret that in the interest 
of speedy publication, economy and the limited circulation 
of this type of publication, it has been necessary to set the 
text by non-letterpress methods and photolithography 
with the result that the quality of the product is not as high 
as the public have come to expect from the Pergamon 
Press. This statement is certainly justified, for the quality 
of the production is much lower than that which it is 
possible to achieve by employing modern non-letterpress 
methods and techniques. One would have thought that 
considering the high cost of translating and editing a work 
of this nature, the publishers would have been prepared to 
accept only the best quality of presentation, for by so 
doing they would undoubtedly have attracted readers, even 
at the high price of 50s., whereas due to their willingness to 
accept an inferior quality the reverse will possibly result. 
Furthermore the errors in spelling and the omission of 
part numbers are not associated with economy in setting 
but with proof-reading and technical editing. 
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Mechanical Properties and Metallurgical 
Features of Mild Steel Weld Metals 


PART I- PROPERTIES OF MULTI-RUN 
SPECIMENS 


By H. F. Tremlett, B.SC., A.R.S.M., F.1.M., 
R. G. Baker, M.A. PH.D., and J. M. Wheatley, M.A., PH.D. 


Mild steel weld metal has a greater strength and a higher yield/ultimate-stress 
ratio than would normally be associated with a wrought material of the same 
composition. The strength of weld metal deposited by various processes has 
been determined, and an investigation made of the factors governing this property. 

The grain size, which is broadly dependent on the welding process used, and 
which decreases as the cooling rate becomes more rapid, appeared to be a major 
factor influencing the yield stress and yield/ultimate ratio of the specimens 
examined. In the case of both as-deposited weld metal and weld metal reheated 
at 950°C. the results could be expressed by an equation relating yield stress to 
grain size. 

However, the yield stress of weld metal in the as-deposited condition was 
generally greater than would be expected for wrought material of similar grain 
size, the difference in the two increasing as grain size decreased. On reheating 
the as-deposited weld metal to 950°C., and cooling in air, the relationship 
between yield stress and grain size was virtually the same as that for wrought 
Steel. 

Possible reasons for the difference in strengths of the as-deposited and re- 
heated weld metal are discussed and future lines of investigation are indicated. 
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Introduction to about 20 tons/sq.in. The yield/ultimate-stress ratio 


of weld metals are generally high, especially in the 








ship between the metallurgical structure of mild 


The work reported presents evidence that, irre- 


A Ss the first step in a general study of the relation- case of metal arc welds. 


steel weld metals and their behaviour during 
welding, it was decided to investigate the factors 
influencing the relatively high strengths of weld 
metals. Yield strengths of more than 30 tons/sq.in. 
can be obtained in metal deposited during welding, 
whilst wrought base plate of nominally the same 
composition normally has a yield strength of only up 


spective of the type of process used, welding conditions 
and thermal history, grain size is a major factor in 
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controlling the mechanical properties of the weld 
deposit. Other variables, such as sub-structure for- 
mation and precipitation, may produce secondary 
effects, the true importance of which has not so far 
been investigated. Some of the results of an inde- 
pendent investigation carried out by Irvine and 
Pickering’ are also given. They tend to confirm the 
importance of grain size and show evidence for the 
formation of a fine oxide precipitate in the weld metal 
under certain conditions. 

A more detailed analysis of the results shows that, 
after reheating at 950°C., the mechanical strength of the 
weld metal is the same as that of wrought steels of 
similar grain size. As-deposited weld metal, however, 
is much stronger than wrought steel of similar grain 
size. 

Further data supplied by the Admiralty are given 
in Appendix 1. 


Experimental Details and Procedure 


The strength of the weld metal was determined in 
both the as-deposited condition and after subsequent 
heat-treatments at 950°C. In all cases metallographic 
examination of the corresponding microstructures 
was carried out using the optical microscope, and 
quantitative estimates of the grain size were made. 


Welding processes used 


A number of welding processes were used to produce 
weld metal for examination. These were: 


(a) Metal-arc 

(b) Submerged-arc 

(c) Argon tungsten-arc 

(d) Atomic hydrogen 

(e) Oxyacetylene 

(f) Argonare (consumable wire) 
(g) Carbon dioxide 


Welding procedures 

All-weld-metal deposits were prepared by multi-run 
welding along the edge of a | in. thick mild steel plate 
4 in. wide, thus ensuring an approach to a constant 
degree of restraint. For the submerged-arc deposits 
butt welds were made in | in. thick plate, weld runs — 
being 9 in. long, as it was not practicable to deposit 
metal along a plate edge. A double line of machin- 
ing blanks was cut from each weld deposit and, where 
required, given heat treatment in argon in a tube 
furnace. The blanks were machined to No. 14 Houns- 
field tensile specimens. 


Welding materials 


The metal-arc electrodes were prepared with Class 
II (Type A) and Class VI (Type B) coatings on core 
wires obtained from one coil of rimming steel and one 
coil of silicon killed steel. The coils were drawn to 
6g and 8g for coated electrodes and further drawn 
to 12g and 16g to supply filler and electrode wires 
for the other processes. It was found that both wires 
were unsuitable for the consumable-wire argon-shield- 
ed and the CO,-shielded processes. Although 
porous welds occurred with the atomic hydrogen 
process, tensile specimens were broken since the 
yield stress and yield/ultimate ratio were not expected 
to be affected by porosity. For the consumable-wire 
argon-shielded process and the CO, process triple- 
deoxidised MS65 wire was used, the Si-killed wire 
being used for the submerged-arc, oxyacetylene, and 
argon tungsten arc processes. 

Chemical analyses of the wires and deposits are 
given in Table I. 


Mechanical testing of all-weld-metal specimens 


This was carried out on a Hounsfield testing mach- 
ine using a 2-ton beam and hand loading. The results 


Table I 


Chemical analyses of welding materials and weld deposits 





Description Cc 


(a) Wires 

Rimming Steel wire. Used as core wire for metal-arc 

electrodes and filler for atomic hydrogen welds. 0-09 
Si-killed wire. Used as core wire for metal-arc electrodes 

and filler wire for argon arc, submerged-arc, oxy- 

acetylene, and atomic hydrogen processes. 0-12 


MS65 Wire. Used for argon and CO, shielded con- 
sumable wire welding. 0-06 


(b) All weld-metal deposits (tensile specimens) 
Type A. Rimming 0-098 


Type A. Si-killed 0-10 

Type B. Rimming 0:084 
Type B. Si-killed 0-081 
Argon—2%, oxygen—M565 0-068 
Argonarc. Si-killed 0-08 

Carbon dioxide. MS65 0-091 
Submerged-arc. Si-killed 0-095 
Oxyacetylene. Si-killed 0-045 
Atomic hydrogen. Rimming 0-045 
Atomic hydrogen. Si-killed 0-03 


Composition, % 
Mn Si S P Al Zr Ti 


0-39 — 0-02 0-017 — — —_ 


0:44 0-15 0-03 0-017. 0-01 — — 


1:27 0-50 0-012 0016 O11 0-05 0-12 
0-74 0-58 0-011 0-028 _ — — 
0-75 0-25 0-026 0-031 _— _— _— 
0-67 0-17 0-028 0-023 — _— _ 
0-60 0-17 0-035 0-029 -— - _ 
1-17 0-45 0-013 0-020 0-04 0-03 0-05 
0:59 0-19 0-034 0-023 — — — 
0:94 0-35 0-014 0-021 0-02 0-01 0-03 
0-87 0-51 0-047 0-041 ~- —— =. 
0-14 0-03 0-023 0-018 -_- ~- -- 
0-40 0-02 0-012 0-019 aa _- _- 
0-42 0-18 0-028 0-019 -= —- _ 

















00S x ‘2.056 19 44 Z (Q) ‘papjam-sp (e) adi 00s * ‘2.086 10 44 Z (Q) ‘papjam-spy (B) adm 
pajpy-1S yim sysodap 240 uajssunj uosav fo sydvasosn1y—fF S9OSW Yim siisodap uasdxo %7-uossv fo sydvssos21N—Z 


=a) 
isa) 
+ 
Nn 
J 
< 
- 
ww 
= 
a 
= 
i 
s 
- 
ra 
ww 
= 
”n 
Q 
= 
= 
{us 
io) 
XN 
= 
= 
ff 
Cy 
° 
~ 
A. 
r=) 
< 
Y 
Zz 
< 
x= 
O 
g 
a4 


005 x ‘2.056 10 44 9 (9) 
“9.086 12 44 Z (Q) ‘papjam-sp (e) :a4Im asod SUNUUIA YIIM 
saposjaaja g addy wodf sjisodap dav-jojau fo sydvasosn1y—| 


. 


TREMLETT, BAKER AND WHEATLEY 

















005  ‘D.0$6 1 44 Z ‘asim pajjry-1g (Q) ‘papjam-sD ‘aan 00s x adm 
(q) sunmury (8) :sjisodap uasospdy Inuojo fo sydvssos1py—L (e) paj]?4-1§ ylim jisodap auajdjaavdxo papjam-spv fo ydvasosr1py 





00s » ‘2.056 1 44 Z (Q) ‘papjam-sp (®) 00s x ‘2.056 1 44 Z (Q) 
(q) LadIM pajply-1§ ylim sjisodap dav-passauqns fo sydvssos21]Y—F (e) (q) ‘papjam-sp (®) :a41m COSW yim syisodap *Q_D fo sydvasos1y—th (e) 


& 
a4 
a 
a 
= 
uy) 
& 
a 
”n 
Jt 
< 
Zz 
4 
~ 
2) 
- 
e) 
é 
Q 
— 
wm 
2 
= 
Ka 
= 
[a4 
oa 











TREMLETT, BAKER AND WHEATLEY: MECHANICAL PROPERTIES OF MILD STEEL WELD METALS 441 


quoted are the mean values derived from tests on 
two or more specimens under each condition. 


Measurement of grain size 


The metallographic specimens were photographed 
and the number of grains appearing in a given area 
of the micrographs were counted. From this the 
mean grain diameter was calculated, as shown in 
Appendix 2. The values quoted for each specimen 
were calculated from the mean of nine such counts 
made on separate areas of micrographs. It should be 
noted that, when the structure is acicular or the 
grain size mixed, the errors in sampling and counting 
may be large. 


Experimental Observations 


Microstructural examination of welds 


Microstructural examination of the material in the 
as-welded state was carried out on regions at the 
approximate centre of a section through the multi-run 
specimens. These microstructures had suffered some 
change from the as-deposited state owing to the 
heat treatments received during the deposition of 
subsequent runs. The microstructure in the truly as- 
deposited state may be seen in the accompanying 
report dealing with double-run welds. It should be 
noted then, that the structures shown in this paper, 
as typical of the as-welded state, show variations 
between neighbouring runs and also within indi- 
vidual runs owing to differences in the thermal 
history following deposition. This should be borne 
in mind in assessing the results. Micrographs showing 
the structures obtained with some of the different 
processes used are shown in Figs. |—7. They are seen 
both ‘as-welded’ and after subsequent treatments at 
950°C. in argon. 

In the metal-arc process and the others in which 
cooling and heating rates are relatively rapid, the 
grains are fine (see Figs. la, 2a, 4a), and recrystal- 
lisation (due to heating from subsequent runs) is by 
no means complete. There is a duplex grain system 
in which there are both small acicular grains and 
larger more equiaxed grains. In processes charac- 
terised by slow cooling rates, on the other hand, such 
as oxyacetylene and atomic hydrogen (Figs. 6 and 7a), 
the grains are equiaxed and the size is much more 
uniform. 

Reheating the specimens to 950°C. has the effect of 
increasing the grain size except, perhaps, in the case 
of the oxyacetylene and atomic hydrogen processes. 
This takes place more rapidly in some weld metals 
than in others. 


Tensile testing and grain size determinations of all-weld-metal 
specimens 

The results of the mechanical tests and grain size 
measurements are given in Table II. It was clearly 
noted that high yield stresses and yield/ultimate 
ratios appeared to correspond to fine grain size weld 
metals. The question then arose as to whether the 
strength of the welds could be explained entirely in 
terms of grain size. It has been established by a number 
of workers*~> that the lower yield stress of annealed 


iron alloys varies with grain size according to the 
equation. 


OLpys=%+kd-4 


where oyys=Lower yield stress 
o,=Constant (the value of which depends on the 
composition and history of the steel) 
k=Constant (the value of which depends on the 
composition and history of the steel) 
d=Mean grain diameter. 


It is thus of interest to see whether the data from 
the weld metals investigated obey this equation. The 
results from Table II of the report are plotted in Fig. 
8. These include both as-welded and reheated weld 
metals for the different welding processes. In some 
cases the magnitude of the probable error of grain 
size measurement has been indicated. It will be 
noted that there is considerable scatter about a 
straight line relationship. This scatter is not thought 
to be due completely to errors of measurement. There 
are, of course, other experimental errors which have 
not been considered here, such as the sampling error 
for measurement and the error in measuring the 
lower yield stress. The sampling error may be es- 
pecially high in the case of unrecrystallised or par- 
tially recrystallised weld metals. 

It has been implicitly assumed in this treatment 
that the thermal history and composition of the 
weld metals have a negligible effect on the values of 
o, and k. This is unlikely to be completely true. 

In the case of the results quoted in Fig. 8 extra- 
polation of the best-fit line through the points down 
to the stress axis indicates a negative intercept (imply- 
ing od» to be negative). 

Now ao, represents the frictional stress on a moving 
dislocation in the lattice due to the Peierls-Nabarro 
force and to the presence of precipitates, solute atoms, 
etc. Thus, if the results of Fig. 8 were to be fitted into 
such an equation, the physical meaning of that 
equation would be quite different from the case of 
annealed materials, since a negative frictional stress 
cannot be imagined. 
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There are some grounds for expecting that as- 
deposited weld metal would not follow equation (1). 
It has previously been shown by other workers that 
rapidly cooled materials do not obey the equation in 
the same way as slowly cooled ones. Furthermore, 
there is evidence to show that as-deposited mild 
steel metal has a growth sub-structure which persists 
on cooling. Figure 9 shows this structure in a spot 
weld on 0:04% C steel. In Fig. 9a series of parallel 
lines spaced at 2-10 yw are running in the direction 
of growth. At Fig. 96 is a section taken transversely 
to show that the growth cells are approximately 
hexagonal in cross-section, and these may be com- 


pared to a bundle of hexagonal pencils which grow 
during solidification within the larger columnar 
grains. The boundaries of these cells are enriched in 
solute elements and this may give rise to the formation 
of dislocation networks on further cooling. Figure 
10 shows electron micrographs of a thin film of weld 
metal, prepared by electrolytic thinning of a bulk 
specimen. The presence of many dislocations within 
the grains of weld metal may be seen. 

In the weld metal reheated to 950°C., however, 
recrystallisation has occurred to give equiaxed ferrite 
grains and pearlite on cooling. It was decided to 
establish whether or not this reheated weld metal 


Table II 
. Average Mechanical Properties and grain size of all-weld metal deposits 





Heat Treat- 
ment at Yield Strength 
Welding 950°C. tons/sq.in. 


Process Electrode Wire (F.C.) hr. Upper Lower 
Metal-arc Type A Rimming None 32:2 30°6 


Class 6 2 24:1 23-8 

6 21:0 19-8 

168 22-0 19-6 

- Silicon None 32:5 32:3 

solid 2 23-8 23-8 

6 23-1 22-4 

168 20-4 19-9 

Type B Rimming None 31-3 929-3 

Class 2 2 20-3 18-3 

6 19-1 18-1 

168 20-2 17-6 

ala - Silicon None 320 30-6 
solid 2 230 22-7 

6 21:2 20-0 

168 18-5 17:7 

Argon-2% MS65 None 32:3 30-7 
Oxygen 2 22-6 21:3 

— MS65 6 22:1 21:2 
168 21:0 19-6 

Argon -— Silicon None 260 24-4 
tungsten solid 2 19-3 17-1 
arc 6 20-1 19-1 
168 16-3 15-6 

Carbon — MS65 None 32°38 30-9 
dioxide 2 22:0 20-4 
6 226 21:2 

168 19-6 18-9 

Submerged — Silicon None 21:7 21-4 
arc solid 2 20-2 18-5 
6 19-7 17-5 

168 20-6 18-9 

Oxyacetylene Silicon None 17-5 17-5 
solid 2 18-7 18-0 

6 18-6 17:8 

168 12-3 11-7 

Atomic + Rimming None 33 8693 
hydrogen 2 13-4 12:1 

6 12-1 11-6 

168 13-5 12-5 

Silicon None 14-3 13-9 

solid 2 14-4 13-5 

6 14-4 13-4 

168 12-1 12-0 


Elong. Mean No. of 
Tensile on Red.in Yield Grain  Speci- 


Strength 0-987 in. Area Tensile diam.in. mens Fig. 


tons/sq.in. % y 4 Ratio x10* Broken No. 
35-5 37 75 0-91 $2 3 
29-3 41 74 0-82 7:3 2 
28-4 48 75 0-74 7:5 2 
30-3 39 64 0-73 
38-8 12 12 0-84 4:3 2 
34-4 28 64 0-69 8-6 2 
32:7 30 64 0-70 12:5 2 
31-9 30 45 0-64 2 
34-9 31 61 0-90 6°3 3 la 
27-5 35 73 0-74 13-6 2 1b 
27:9 36 70 0-68 9-7 2 Ic 
29-1 36 55 0-69 2 
37-3 27 50 0-86 4-6 2 
32-1 36 72 0-72 6:0 2 
30-5 35 71 0-69 7-7 2 
28-8 33 57 0-64 2 
36:3 22 41 0-89 5-9 3 2a 
29-3 40 72 0-77 5-9 2 2b 
28-9 39 69 0-76 7:3 3 
29°8 33 55 0-70 2 
30-6 36 57 0-85 6-7 2 3a 
27-0 32 57 0-71 8-6 3 3b 
26°6 38 70 0-75 10-7 2 = 
26:1 28 47 0-62 2 
37-2 27 62 0-88 4:3 3 4a 
29-1 42 71 0-76 75 2 4b 
30-0 42 70 0-75 8-2 3 — 
30-0 38 66 0-65 2 
32-1 35 56 0-68 10-1 2 Sa 
28-7 42 66 0-70 13-6 2 5b 
27:7 41 66 0-71 12-5 3 == 
31-0 36 55 0-66 2 
25-4 27 45 0-69 10-1 3 6 
27-1 28 55 0-69 9-7 2 a 
26-4 30 55 0-70 10-7 2 _- 
21-9 36 46 0-56 2 
22-2 36 48 0-69 13-6 3 Ta- 
20-5 34 50 0-65 146 2 = 
20-3 33 47 0-59 146 2 _- 
22:5 35 55 0-60 2 
22-0 23 32 0-65 146 3 ~ 
21-9 24 37 0-66 11-5 2 7b 
22-4 24 42 0-64 13-6 2 —- 
21-3 20 21 0-57 2 
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(a) 9—Growth sub-structures in spot weld in 0-04%C steel: (b) 
(a) <x 175; (b) sectioned transversely to direction of growth. 
Shows hexagonal cross-section of cells x 225 





(a) 10—Electron transmission micrograph of thin foil prepared (b) 
from as-deposited weld metal: (a) x 40,000; (b) x 80,000 


behaved in the same way as wrought steels of similar 
grain size. For wrought steels, it has been shown that 
equation (1) may be modified to: 


Opys=oit+a(N+C)+kd-+ .......... (2) 
where o,=frictional stress due to Peierls-Nabarro force, 
«=constant, 


and N and C are the concentrations of nitrogen and 
carbon respectively. 


Since the concentration of nitrogen after heating 
to 950°C. was not known, this has been ignored in 
the present treatment. However, it was decided to 
find, by the method of least squares, the best plane 
representing the three-dimensional piot of ozys 
against carbon percentage and (grain diameter)-?. 
The method of doing this is briefly described in 
Appendix 3. 

Having obtained the equation of the plane, the 
lower yield stress can be plotted against both carbon 
content and (grain diameter) separately, correcting for 
the effects of grain size and carbon content, respectively. 
These two graphs are shown in Figs. 11 and 12. The 
results are consistent with those given in the literature 
for wrought steels. 

If as-deposited weld metal is treated in the same 
way, the graphs shown in Figs. 13 and 14 are obtained. 


In Fig. 14 the straight line of Fig. 12 has been super- 
imposed. In this case the results are not in agreement 
with those for wrought steels. 
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atomic hydrogen welds in rimming and Al-killed steel 
sheet where the non-metallic particles, mainly sul- 
phides and alumina, tended to be present at the 
prior austenite grain boundaries. Evidence of such 
boundaries, delineated by very fine non-metallic 
particles, has been noted in several of the specimens 
examined in this investigation. An assessment of © 
total observable non-metallic particle content at 
x 500 magnification (by counting representative 
areas and producing an average index number), 
suggests that a fairly wide range of numbers exists 
over the full range of processes examined, but that the 
grain size is not directly related to this total index 
number. Whether it is related to distribution of 
specific types of particle is not certain at the moment, 
but it seems unlikely. 


Discussion 


The foregoing results show that after weld metal 
has been reheated to 950°C. for 2 hr or more its 
properties have become comparable with those of 
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Non-metallic content 

The illustrations suggest that the welds contain 
non-metallic matter in the form of fine, discrete 
particles of varying size. Oblique-angle illumination 
confirms that the apparent particles are in fact 
particles and not polishing or etching pits. In several 
illustrations the finer particles appear to follow speci- 
fic patterns; this behaviour has been confirmed in 


40 45 50 


wrought steel of a similar grain size and carbon 
content. The results show some scatter, but that may 
be explained by errors from the following sources: 


(i) Effect of nitrogen, which was ignored in the present 
analysis 

(ii) Experimental errors in the measurement of grain size 

(iii) Possible sampling errors due to heterogeneity of weld 
deposits when measuring grain size 
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15—Relationship between grain size and upper yield stress 
(after Irvine and Pickering) 


The straight line obtained by calculation using the 
method of least squares is consistent with values 
quoted in the literature for wrought steel in the 
annealed condition. Figure 15 shows some results 
quoted by Irvine and Pickering for annealed fine- 
grained wrought steels and also for some samples of 
weld metal. If the wrought steel used to obtain these 
results had a combined carbon and nitrogen content 
of 0-07°% carbon, which seems a reasonable value, 
then the relationship between strength, grain size, 
and C+N content is almost identical with that 
determined experimentally in the present work. 

In the case of the as-deposited weld metal, the 
position is quite different. Figure 15 shows clearly 
that whilst the results show very good linear relation- 
ship between oyys and d-+, the straight line so 
produced has a much greater slope than in the case 
of reheated weld metal. Furthermore, the intercept 
of the line at d+=0 gives a negative value of 9;. 
Thus it is clear that the constants in the equation to 
this line must have a different physical meaning than 
in the case of the annealed materials. 

Irvine and Pickering show (Fig. 16) that the 
strength of weld metals deposited by different pro- 
cesses shows a greater dependence on grain size at 
higher values of strength. This corresponds to weld 
metal deposited under the more rapid cooling con- 
ditions to give a smail grain size. It is thus in general 
agreement with the present results. At present there 
is little or no physical basis on which to rationalise 
the results on as-deposited weld metal. However, it 
seems likely that if the grain size of the as-deposited 
weld metal were greater than that corresponding to 
the cross-over point in Fig. 14, the results would 
lie on or above the reheated weld metal curve, since 
it seems unlikely that as-deposited weld metal should 
have a lower strength than annealed material. If this 
were so then inclusion of results from deposits showing 
a larger grain size in Fig. 14 ought to give a series 
of plotted points very similar to those in Irvine and 
Pickering’s curve in Fig. 16. 

In the foregoing analysis it has been assumed that 
the weld metals as-deposited by the different pro- 
cesses differ only in grain size and in carbon and 
nitrogen content. This is almost certainly incorrect. 
They probably all have different dislocation densities, 
growth structures etc., which cause independent 
variation of a, and ky. It is likely too that some of 
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16—Relationship between grain size and lower yield stress 
(after Irvine and Pickering’) 


these factors will change in a given process if the 
conditions of deposition are also changed. 

It thus seems likely that in view of the many 
possible variables affecting the yield strength and the 
yield/ultimate ratio of as-deposited weld metal, it 
will be necessary to find out exactly what the struc- 
ture is before trying to rationalise the results. This 
could probably best be done by examination of thin 
films in the electron microscope. 

One possible cause of strengthening in the weld 
metal is precipitation as suggested by Irvine and 
Pickering, and as shown in Fig. 17. Similar pre- 
cipitates have been observed at B.W.R.A. in auto- 
genous atomic hydrogen welds carried out on rimming 
steel sheet. An example is shown in Fig. 18. It might 
be expected that such fine precipitates would affect 
both the tensile and the impact properties. 


Conclusions 


(1) Grain size appears to be a major factor in- 
fluencing the yield strength and yield/ultimate ratio 
of the weld metal of the specimens examined. 

(2) The relationship o,ygs=o;-+a(N+C)+kd-+ 
appears to hold in the case of both as-deposited weld 
metal and weld metal heated at 950°C. In the case of 
the weld metal reheated at 950°C., the equation was 
virtually the same as that for annealed wrought steel. 





17—Electron micrograph showing fine precipitate in weld metal 
x 15,000 
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18—Electron micrograph showing fine precipitate in atomic 
hydrogen weld metal < 40,000 


In the case of the as-deposited metal, however, the 
values of o;, x, and k were quite different and they 
apparently did not have the same physical meaning. 

(3) Grain size appears to be broadly dependent on 
the characteristics of the welding process used. 
Generally speaking, processes which promote rapid 
heating and cooling rates in the weld metals give a 
fine grain size and those which promote slow heating 
and cooling give a coarse grain size. 

(4) It seems unlikely that non-metallic inclusions 
of a size large enough to be seen in the optical micro- 
scope have much effect on the grain size. 

(5) The relative importance of the various metal- 
lurgical variables which might affect the strength of 
as-deposited weld metal cannot be defined at present. 
Further work should be directed first at establishing 
the structure of the as-deposited weld metal. The 
most promising technique for doing this is the 
examination of thin metal foils in the electron micro- 


scope. 
Appendix 1 


Mechanical Properties of Metal-Arc and Submerged- 
Arc Welds 


Data were supplied by the Admiralty (Mr. J. N. 
Bradley) covering all-weld-metal tensile tests mach- 


ined from butt welded plates. The results lead to the 
following broad conclusions: 


(1) Metal-are deposits in the as-welded condition 
have yield/ultimate ratios generally exceeding 
0-8. 

(2) Stress relieving at 650°C. does not substan- - 
tially alter this value. 

(3) Submerged-arc welds have ratios in the range 
0-57-0-64. 

(4) Automatic flux-coated metal-arc welds are 
likely to have ratios similar to those of metal- 
arc electrodes. 

(5) The data support the evidence obtained in the 
B.W.R.A. investigation. 


The data are analysed in Table III. 


Appendix 2 
Calculation of Mean Grain Diameter 


Let N be the number of grains observed per unit 
area on a photomicrograph of magnification M 
(linear). 

Then mean grain area sectioned by the specimen 


surface 
. 3 


=y yt 
Suppose each grain to be spherical giving a circular 
section and suppose the mean circle diameter to be d. 
a 
4 NM? 





Then 


Note: If each section were square of side d, each 
grain would have an area d? in which case 


a= (mm) iaknshucaloe (2) 


This makes very little difference to the value of d 
as calculated. In practice the true value of d may be 
expected to lie between the value given by (1) and (2). 
However in this work, equation (1) has been used to 
calculate d. 


Table Il 
Mechanical properties of deposits from commercial electrodes 
Analysis of data supplied by the Admiralty 





Number of 
Makes of Coating ; 
Electrode Classifi- Yield! Ultimate Ratio 
Process Condition Tested cations No. of Tests Range Average 
Metal-arc As-welded 18 1,2,3 and 6 64 0-73-0-94 0-85 
9 - Stress relieved 
1 hr 650°C. 2 4 21 0-66-0-87 0-80 
Submerged-arc As-welded 2 — 4 0:57-0:64 0-59 
Automatic 
flux coated *” - 1 — 2 0-75-0-83 0-79 
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Appendix 3 


Consider a variable y which is a function of two in- 
dependent variables x, and x, such that 


PE 65655 60s sabe Katee (Al) 
a, b and c being constants. 


Equation (A1) defines a plane if y, x, and x, are plotted 
graphically on mutually perpendicular axes. 

Given a series of results which obey an equation 
such as (1), the best plane can be fitted through them 
using the method of least squares. The theory of the 
process will not be reproduced in detail here; it may 
be found in “Statistical Methods in Research and 
Production with Special Reference to the Chemical 
Industry” by Owen L. Davies. 

Briefly: 


b2(x,—*1)? + c2(x,—X1) (¥2—F.)= ZX, —¥1) (y—F) 
which can be expressed as: 


Also b2(x,—*,) (¥2—*2)+c2(x2—* 2)? = 2(x%2—F 2) (y—J) 


or bCy2+Cea=Cy, .. 0 eee ones (A3) 
from which 
b=[Ca2C,, —CizCy J /(CirCa2a—Cie*] .....--- (A4) 
e=[CyrCy,—CisCy)/[CirC22—Cia®)] ...... (A5) 
Also ca! ae me, RE CTT Te (A6) 


a, b and c can be obtained by appropriate calculations 
of the quantities in equations (A4), (A5) and (A6) and 
their substitution. 

This gives the equation of the plane. As this is 
inconvenient to express graphically in three dimen- 
sions corrections may now be made for either x, or 
x, to show the variation of y with either x, or x, 
respectively. 

In our treatment y=ozys 

x,=d+ 


bCy+eCy.=C,, -- 2 eee ees (A2) X_=[C] in parts per million. 


PART IIT-METALLOGRAPHIC EXAMINATION OF 
DOUBLE-RUN SPECIMENS 


The structure of multi-run weld deposits is rather complicated because, as each 
run is laid down, previously deposited weld metal is reheated. This results in 
considerable variation in structure and properties within each layer of weld 
metal. The metallographic structures which may be produced have been studied 
on double-run welds made by several different processes, so that the micro- 
structure of both the as-deposited weld metal and that produced by reheating 
once with a subsequent run could be studied. The effect of reheating at 950°C. 
was also studied. 

Welding processes characterised by rapid heating and cooling rates gave rise 
to fine acicular grain structures, which were partially recrystallised by sub- 
sequent runs. Reheating at 950°C. caused reversion to an equiaxed grain 
structure and grain growth. 

Welding processes characterised by slow heating and cooling rates gave rise 
to roughly equiaxed grains, there being little change in grain size or shape on 
reheating at 950°C. 


atiguem: = 





By H.F.Tremlett 
and R. G. Baker 


7 . (c) Argon tungsten arc 
from multi-run welds, reported in Part I, (‘atomic hydrogen - Using both rimming and Si-killed 
& implies certain difficulties regarding interpreta- wises. 
tion. As each run is laid down, the underlying weld (e) Oxyacetylene 
metal previously deposited is reheated. This results in 


variations in microstructure and composition within Welding procedures: Double-run weld specimens 


Te use of the technique of machining specimens (b) Submerged-arc 





each layer of the weld. Therefore, to investigate the 
microstructure of the weld metal as deposited and the 
effect on it of subsequent welding runs, double-run 
welds were prepared by several different welding 
processes. 


Experimental 


Welding processes examined 
(a) Metal-arc (i) Type A — Using both rimming and Si-killed 
core wires. 
(ii) Type B — Using both rimming and Si-killed 
core wires. 


Two runs were laid side by side, with ambient 
interpass temperature, to produce specimens exhibit- 
ing the features of weld metal ‘as-deposited’ and of 
weld metal reheated once by a subsequent weld run. 
The effect of heat treatment at 950°C. on the grain 
structure of these zones was studied. Mild steel parent 
material was used at 0-5 in. thickness, imposing 
relatively small restraint on the weld beads laid on the 
plate surface. The chemical compositions of wires and 
deposits are given in Table I (Part I). 





Report B1/8/60 of the British Welding Research Association, 
circulated to members in January 1961. 659b 
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19—Macrograph of double-run weld 


Heat treatment and examination 


The double-run specimens were examined in the 
‘as-welded”’ condition and after heat treatment at 
950°C. for 2 hr, 8 hr, and 8 days. The specimens 
provided the following zones for study: 


(i) As-deposited weld metal 
(ii) Weld metal reheated by a subsequent run, i.e., weld- 
metal heat-affected zone 
(iii) As-deposited weld metal reheated at 950°C. 
(iv) Weld-metal heat-affected zone reheated 950°C. 


A typical specimen is shown in Fig. 19 after section- 
ing, polishing, and etching. The grain size was deter- 
mined as described in Part I, for the weld metal and 
the weld-metal heat-affected zone, both as-deposited 
and after the various heat treatments at 950°C. 


Experimental Observations and Discussion 


Metallographic observations 


A micrograph of the mild steel parent metal is 
shown in Fig. 20. Figures 21-29 show micrographs of 
the weld metal and weld-metal heat-affected zone and 
illustrate the microstructure produced by the various 
processes and filler materials. They are all at the same 
magnification x 500. It has been difficult to draw 
detailed conclusions because of the heterogeneous 





20— Micrograph of parent metal 


character of the metallographic structure within each 
run. However, some broad generalisations will be 
attempted. 

The processes characterised by rapid heating and 
cooling, i.e., the metal arc, all had very fine acicular 
grain structures. In the weld-metal heat-affected zones 
there was a relatively narrow band of recrystallised 
grains, outside of which the acicular structure was 
retained. Reheating to 950°C. caused equiaxed grains 
to form and grain growth to occur. 

In processes such as the atomic hydrogen and oxy- 
acetylene, even the weld metal grains were fairly 
equiaxed and there was relatively little change in grain- 
size in the weld-metal heat-affected zone. 

The atomic hydrogen weld metal contained very 
little carbon; hardly any pearlite was to be observed in 
welds deposited either by rimming or by Si-killed 
filler wires. In the metal-arc processes the carbon 
tended to segregate on a macro scale, parts of the 
structure being almost free of pearlite. In other regions 
there were comparatively large amounts of pearlite. 

There were two points of particular interest in the 
oxyacetylene micrographs. Firstly, there was a copious 
precipitate of nitride in the as-deposited weld metal 


Table IV 


Mean grain size for double-run welds 





Weld Metal Weld Metal Weld Metal 


Weld Metal Weld Metal Weld Metal Weld Metal  H.A.Z. H.A.Z. H.A.Z. 
Weld Metal 2 hr, 8 hr, 8 days, H.A.Z. 2 hr, 8 hr, 8 days 
Process As-welded 950°C. 950°C. 950°C. As-welded 950°C. 950°C. 950°C. 
Grain dia., in. x 10* 
Submerged-arc 9-7 10-7 13-6 20-0 6°5 11-5 13-6 14-6 
Oxyacetylene 14-6 13-6 12°5 14-6 -—— a -- — 
Atomic hydrogen: Rimming 12°5 11-5 12°5 _—- 12-5 11-5 11-5 — 
Atomic hydrogen: Si-killed 14-6 10-7 10-7 — 13-6 10-7 12°5 —_— 
Argon tungsten arc 12°5 8-6 11-5 14-6 6-4 Undefinable 11-5 16-0 
Metal-arc. Type A: 
(a) Rimming 7-7 11-5 10-7 ~- 5-6 10-1 13-6 — 
(b) Silicon solid 71 9-3 10-1 13-6 5-2 9-3 11-5 12:5 
Metal-arc. Type B: 
(a) Rimming ° 7-7 8-9 11-5 49 7-1 8-6 14-6 
(b) Silicon solid 6:2 8-0 77 11-5 4:3 8-3 10-7 10-7 





* Too acicular to estimate number of grains 


Te 7 
fe on Y x 


= \ 





a y 
fa Pen 


cue 


y 
vn 


> 
, ne Sa 





TREMLETT, BAKER AND WHEATLEY: MECHANICAL PROPERTIES OF MILD STEEL WELD METALS 449 


Pl 





am “papjam 


-sp (e) :spjam auajxjaovdx 





saevee 


jojau pjam ‘sXop 9 pajvay (q) “jolau 
o fo saanjamnajsOsN]W—ZT 


‘Z'V'H ‘shop 9 paivay (J) /jojau 
pjam ‘skop 3 pajway (2) “Z'W'H “4Y 7 paivay (p) ‘jojau 


pjam ‘4y Z paiway (9) ““Z'V'H_‘papjam-sv (q) “jojau pjam 
‘papjam-sp (e) ‘spjam dav-passauiqns JO saénjIndjsodz1W—{T 














\/7 Pre aes § i * i, "Ce it tills cad WA bps OAS | Nan sd 73 











‘ZW'H “44 Z paivay (p) ‘jojau pjam 
“Ay Z pawway (9) “Z'¥'H ‘papjam-sv (q) ‘jpjau pjam ‘papjam 
“Sp (®) /spjam (pajj}y-1§) uadoapAy anuojo fo saanjonajsosdz1Y—hZ (q) 


‘ZV'H ‘4Y4 Z paiway (p) ‘jojau pjam 
“ay Z paiway (9) “Z'¥'H ‘papjam-sv (q) ‘jojawu pjam ‘papjam 
“Sp (8) ‘spam (Sujunujs) uadospdy Inuojv fo saanjanajsosI1W—{Z (q) 


BRITISH WELDING JOURNAL, SEPTEMBER 1961 


450 








‘ZW'H ‘44 Z paiway (p) “jojaut pjam 
‘ay Z paiway (9) “Z'W'H ‘papjam-sp (q) ‘jojau pjam ‘papjam 
“sp (e) :spjam (sunuuis) py ada J 24v-jojau fo saanjInajsosI1Y—9Z 


} f ms cae p 


‘ 4 a aS 


q) 
tye: Le? ‘ 


pious > foo Brinn fA A yy £4 
pjam ‘ay Z paway (2) “-Z'¥'H ‘papjam et? Maas fete a: > stn 
SD (Q) /]vJauU pjam ‘papjam-sp (8) :spjam + ‘tat wh) 
24D-Uajssun} uosiv f{O sSadAnjJIMNAJSOAI1W—CTZ 


nm 
+ 
”n 
= 
< 
= 
~ 
= 
Q 
+ 
_ 
S 
4 
ee) 
~ 
= 
rn 
Q 
= 
= 
+ 
° 
N 
= 
a4 
uu 
a 
ie) 
[a4 
a 
_ 
< 
S 
Zz 
< 
= 
O 
a 
= 
+ 
~ 
- 
= 
< 
_ 
x 
2 
Q 
Z 
< 
lod 
aw 
x 
< 
feo} 
; 
- 
= 
~ 
x 
a 


2S 











"3b ay £494 2 ppcapetes Coa) fe0ne mess cetmas 





"2 WH “44 Z 40f paivay (Pp) “jojatu pjam “ay Z 
dof payway (2) “Z' WH ‘papjam-sp (q) “jojaiu pjam ‘papjam 
“Sp (®) :spjam (Sujumuja) g ada Iav-oJau fo saanjIna]sSOsI1W—Z 


‘ZV'H ‘4Y Z paiway (p) ‘joiau pjam ‘ay Z 
paiway (2) °Z'°V"H ‘papjam-sv (q) ‘jojau pjam ‘papjam-sp (e) 
ispjam (pajjix-1§) WY adh aav-jojau fo saanjonajsoénW—LZ 


BRITISH WELDING JOURNAL, SEPTEMBER 1961 


452 


» 





2 hr, weld metal; (a) heated for 2 hr, H.A.Z. 
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(c) 





(¢) 





29—Microstructures of metal-arc Type B (Si-killed) weids: (a) As- 
welded, weld metal; (b) as-welded, H.A.Z.; (c) heated 2 hr, 
weld metal; (d) heated 2 hr, H.A.Z. 


after reheating in subsequent runs (see Fig. 6). This 
eventually disappeared after 8 days at 950°C. (Fig. 22) 
presumably due to loss of nitrogen from the metal at 
that temperature. Secondly, in the specimen heated for 
8 days at 950°C., white markings were visible within 
some of the grains. Such markings have been observed 
in specimens welded by various different processes 
when grain growth had occurred after prolonged 
heating, and they have also been observed in the heat- 
affected zone close to welds in Armco iron.® 


Grain growth during heat treatment 

Measurements made of the growth of grains, during 
heat treatment of weld metal and weld-metal heat- 
affected zone, are tabulated in Table IV and illustrated 


in Fig. 30. Comparison is also made with grain size 
measurements made in the multi-run welds as detailed 
in Part I. There is considerable scatter in the results 
but some generalisations can be made: 

In the metal-arc process substantial grain growth 
takes place on reheating, and no significant differences 
are apparent between the different electrodes. The 
behaviour of grains in the weld metal and in the weld- 
metal heat-affected zone is also not significantly 
different. As might be expected, the rate of growth is 
rapid at first but decreases with time. In the submerged- 
arc process, where there was also acicular weld metal 
structure, the rate of grain growth was again high in 
the early stages and tended to decrease later. The 
initial grain size was of course considerably larger 
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4 30—Variation of grain size with time of heating at 
950°C.: (a( Metal-arc Type A (rimming); (b) 
metal-arc Type A (Si-killed); (c) metal-arc 
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than in the metal-are processes. The argon-tungsten- 
arc process also gave grains with rapid initial growth 
somewhat similar in behaviour to both metal-arc and 
submerged-arc processes. 

In the atomic hydrogen and oxyacetylene processes 
there seemed very little tendency for grain growth to 
take place on reheating. These were all processes in 
which the as-deposited weld metal consisted of 
equiaxed grains. 

Acicular grain structures are usually observed to 
recrystallise and grow more easily than the equiaxed 
ones, since in acicular structures there is much more 
grain boundary energy available to provide a driving 
force for recrystallisation. 


Conclusions 


(1) In welding processes characterised by rapid 
heating and cooling rates fine acicular grain structures 
are observed in the weld metal. 

(2) Subsequent welding runs cause partial recrystal- 
lisation of weld metal previously deposited. 

(3) Heating acicular grain structures at 950°C. 
produces an equiaxed structure and with a larger 
grain size. 

(4) In the oxyacetylene and atomic hydrogen pro- 
cesses little change in grain size or shape occurs, either 
after heating by successive welding runs or after sub- 
sequent treatment at 950°C. 

(5) No significant differences were observed between 
the grain sizes of weld metals deposited from rimming 


~50- 120 





and silicon killed wires using the techniques described. 

(6) Copious precipitates attributed to iron nitride 
were observed in the oxyacetylene weld metal after 
reheating. They were eliminated by prolonged heating 
at 950°C. 
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QUALITY CONTROL IN WELDING 


Second South London Branch Conversazione 


The South London Branch held its second Conver- 
sazione and Exhibition at 54 Princes Gate, on Wednesday, 
14th June, 1961. The theme of the meeting was “Quality 
Control in Welding”, and displays from nineteen organ- 
isations helped to make this a most successful meeting. 

The Exhibition, which was open from 3 p.m. until 
8 p.m. attracted over 250 people, including about 140 
visitors. Discussion of the exhibits and the general topic of 
quality control was aided by the pleasant atmosphere 
encountered during tea on the terrace overlooking the 
gardens at the rear of the Institute. 

The display was split into two parts, one side of the 
Council Room being devoted to exhibits illustrating defects 
in welds; the other showing means for their detection. 

The following is a brief account of the various displays: 


An exhibit arranged by the Research Laboratories of 
Lloyd’s Register showed the modes of failure of test pieces 
in thick plate fractured at low temperature. Graphs 
illustrated the temperatures at which fractures become 
brittle. 


G. A. Harvey & Co. (London) Ltd. showed over 50 
samples and 36 photographs depicting failures in some 20 
different materials, ranging from mild steel to titanium. It 
was shown that quality control could overcome these 
defects, which arose because of bad design, defective 
parent metal, wrong heat-treatment, and incorrect welding 
procedure. A set of specimens produced to ASME pro- 
cedure requirements were shown. 


The International Nickel Co. (Mond) Ltd. exhibit 
emphasised the need for metallurgical control in the weld- 
ing of nickel and Monel. Graphs indicated the effect of 
additions to the filler wire, and the effects of nitrogen and 
oxygen in welds. The metallurgical features of Nimonic 
alloy welding were discussed. 


The display by the Aluminium Development Association 
included examples of the various methods of joining 
aluminium, a Tig welded assembly of heat-treated sheet 


and castings, stud welds made by arc and precision 
methods, high-frequency resistance welded tube, and dip 
brazed assemblies. 

Some notes on quality control in aluminium welding 
were given, together with the weld preparation proposed for 
the forthcoming British Standard on inert-gas metal-arc 
welding of aluminium. 


The National Boiler and General Insurance Co. showed 
a most comprehensive display of bad welds encountered 
during the normal functions of weld and welder inspection. 
Pipe welds containing large holes and badly attached 
backing, and fillet welds with gross misalignment were 
numerous among a valuable display which, the exhibit 
pointed out, were “from ordinary production runs’’. This 
stand indicated to the full the future for quality control. 


The stand of the A.P.V. Co., Ltd. illustrated some of the 
hazards in welding wrought aluminium-—magnesium 
alloys in heavy sections. Sample welds contained lack of 
interpenetration of opposed root passes, and lack of 
fusion between filler passes, which was shown on accom- 
panying tensile test pieces. Radiographs better than 2% 
sensitivity were, however, clear, thus showing the in- 
adequacy of standard methods in searching for this type 
of defect. The limitations of standard bend testing methods 
was illustrated, together with CO, welded mild steel test 
plates showing unfused interfaces which were also un- 
detected by radiography. 


The stand of the Central Electricity Research Lab- 
oratories featured displays of current research on ultra- 
sonics and radiography. 

A focussing probe developed for immersion testing of 
edge welds in tubular feed heaters was demonstrated. The 
use of ultrasonic reference blocks was shown in con- 
nection with defect location in welds. Investigations of 
beam angles are being carried out together with calibration 
of the time base for positioning defects. 

Work in progress on the correlation between size of 
echo and size of defect was shown. and this relied on a 
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1. A pause during an ultrasonic flaw 
detéction demonstration 


machined, tapered groove used as a crack simulator by 
which the intensity can be measured. 

Work on radiography was illustrated by films of samples 
varying from 4 to 4% in. thick, which illustrated that 
sensitivity worsened as thickness increased. Work is being 
carried out at Leatherhead to enable radiographic tech- 
niques to be specified by means of ‘half value thickness’, 
which is roughly the thickness of steel which will reduce 
the intensity of the X-ray beam by half. This will assist the 
standardisation of X-ray equipment. Also shown was a 
special test piece which included artificial cracks used to 
establish the angle and conditions for optimum visibility. 


The B.W.R.A. displayed a panel consisting of radio- 
graphs, macro-sections, and related tensile and fatigue 
properties, designed to show the effect of lack of fusion in 
aluminium alloy NPS5/6, and the effect of porosity in pure 
aluminium. This was arranged to be easily understood and 
linked closely with the other exhibits on aluminium. 


A. S. Young & Co. showed a new tool, the ‘Pressotest’ 
which is used for measuring the pressure developed between 
the tips of spot welding electrodes. As such it was a 
valuable tool in quality control and created much interest. 


The Infra Red Development Co. demonstrated the Infra 
Red Gas Analyser as a leak measuring instrument to 
determine concentrations of nitrous oxide. It was shown in 
use on a small welded cylinder with which the porosity leak 
rate could be determined. 


Inspection Services Ltd., consultants in welding and 
inspection, indicated the scope of inspection techniques by 
means of radiographs and welded samples. Their services 
on design and welds and testing of welders was emphasised. 


Manchester Oil Refinery. Demonstrations of penetrant 
methods of flaw detection were carried out on this stand, 
including work on Verimor dye penetrant, Glomor 
fluorescent ink and Lumor fluorescent magnetic inks. 


Pantak Ltd. featured the Baltospot 200 kV portable 
X-ray unit which is suitable for site work. Also shown 
were Betatron radiographs covering mild steel welds 
from 3 to 10 in. thick. 


2. Interest being shown in welded 
aluminium tube 


3. Group including Norman Burgess 
(centre) who organised the event for 
the South London Branch, talking to 
Dr. R. L. Apps, recently appointed 
Head of Welding Technology at 
Cranfield (left) 


The technique of enlargement radiography made possible 
by the ultra fine focus of the Betatron showed that sensitivi- 
ties of below 0-5% are possible on steel up to 12 in. thick. 


Ultrasonoscope Ltd. The Ultrasonoscope Mk II flaw 
detector, specially designed for works and laboratory use, 
was shown together with the Mk III which is suitable for 
site inspection as it weighs only 28 lb and uses a 5 in. 
C.R.O. Also on show were special angle probes to produce 
short pulses of 3-4 cycles duration. These are suitable for 
welds in cast iron and austenitic steel. 


Xero radiography was demonstrated on the stand of 
Watson and Sons (Electro-Medical) Ltd., Industrial 
Division, who displayed a number of xerographs of welds 
and castings in mild steel and light alloy. A viewing unit 
was available together with explanatory information to 
support this new development. 


Brent Chemical Products Ltd. displayed a panel indicat- 
ing the wide scope for Ardrox flaw detection materials in 
many industries. Samples of the penetrants were available 
for inspection. 


A recent development was displayed by W. S. Atkins & 
Partners with a flaw detector suitable for quick deter- 
mination of planar defects, laminations, stud welds, and 
transverse fatigue cracks. It is also used for determining 
penetration in fillet welds. The equipment is simple to set 
up and operate and weighs 28 Ib only. Indications of 
defects are by means of a coloured lamp, visible at 20 ft. 


Smiths Industrial Division demonstrated the Mk 6 and 
Mk 5 ultrasonic flaw detector for weld inspection which 
interested many visitors. 


The European Organisation for Quality Control was 
represented by the British Productivity Council, who dis- 
played literature indicating the scope of their work and 
their publications. 


The South London Branch Committee are grateful to 
all those organisations who contributed to the Exhibition; 
without their co-operation this second Conversazione 
would not have been possible. 
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News of the Institute and Branches 


B.W.R.A. 
and Industry 


Annual General Meeting 1961 


In the absence of the retiring Presi- 
ent, Mr. E. Fuchs, on account of ill 
ealth, the chair at the 28th Annual 
jeneral Meeting of the Institute on 
3th July last was taken by Mr. H. 
Vest, Vice-President and President- 
‘lect. 

The Chairman presented the Report 
f the Council for the year 1960-61 
nd moved its adoption, which was 
econded by Mr. W. Harriss, Honorary 
“reasurer. 

After the formal business had been 
oncluded and the Secretary had rep- 
rted the results of the Council Elec- 
ions, Mr. West was invited to assume 
he Presidential Badge, and was wel- 
comed as President for 1961-62 by 
Mr. R. E. G. Weddell. Mr. West then 
returned thanks for his election and 
paid tribute to the services which his 
»redecessor, Mr. Fuchs, had rendered to 
velding and the Institute over many years. 
At the Council meeting following, 
the new President on behalf of the 
Institute accepted with very warm 
thanks the gift by Mr. Fuchs of two 
large pottery vases made by his daughter 
Miss Tessa Fuchs. The vases are dis- 
played in the Council Room. 


Autumn Meeting 1961 


The programme and enrolment form 
for the Institute’s Autumn Meeting and 
the Joint Symposium on Welding in 
Shipbuilding will be distributed to 
members in the first days of September. 

Well over 500 people in all parts of 
the world have asked to be sent parti- 
culars of this meeting. A very large 
attendance is therefore expected, and 
members are urged to return their 
enrolment forms as quickly as possible 
in order to avoid disappointment, 
particularly for the Annual Dinner, ac- 
commodation for which is limited. 


Welding Engineering 1962 


The Institute is organising its first 
arge-scale exhibition at Buxton next 


Other Societies 


INSTITUTE ACTIVITIES 


year, in connection with its Spring 
Meeting there. Facilities in the Winter 
Gardens make it possible to expand the 
displays and demonstrations which have 
been features of recent Institute meet- 
ings into a specialised exhibition of 
welding and the allied processes and 
techniques — brazing, soldering, cutting, 
hard-facing, metal spraying, manipu- 
lating, inspection, testing, and safety. 

The theme of the Spring Meeting is 
“Welding for Power Generation’. Nearly 
thirty papers, including several from 
other countries, have been specially 
written for this meeting, the dates of 
which are 30th April to 4th May, 1962. 

‘Welding Engineering 1962’, as the 
exhibition has been named, will illus- 
trate the rapid progress of welding tech- 
nology in Britain, especially in meeting 
the challenge of modern power genera- 
tion plant construction. 

There will be special sections devoted 
to Research, Education, and Publi- 
cations. 


Select Conference 


In continuance of its policy of pro- 
viding a forum for the discussion of 
subjects too specialised for inclusion in 
the programme of normal meetings, 
the Institute is to organise a select con- 
ference on “The welding of tubes to 
heat exchangers and tube sheets’’, to be 
held on 18th-19th June 1962. The 
conference will be residential, and the 
numbers will be limited. 

Further particulars will be given in 
later issues of the Journal. 


METAL SPRAYING AND PLAS- 
TIC COATING DIVISION 


The following have been elected a 
provisional committee to bring the 
recently established Metal Spraying and 
Plastic Coating Division of the Institute 
into effective operation: 

Chairman: H. W. Fender. 

Vice-Chairman: R. A. Parkes. 

Secretary: G. A. Curson. 

J. Barrington-Stiles; G. R. Bell; 

E. R. Bowers; E. Bulley; W. J. 





































































































Burling-Smith; Dr. A. Catherall; 

Lloyd Manuel; F. A. Rivett; M. 

Riddihough; D. Sharp. 

The committee will hold its first 
meeting in September. 


VACANCY FOR ASSISTANT 
TECHNICAL OFFICER 


The Institute is seeking an Assistant 
Technical Officer who will be concerned 
chiefly with the development of the 
Institute’s educational work, and in 
particular with its School of Welding 
Technology. 

The Institute is a young and expand- 
ing organisation with a membership of 
nearly 5,000. The development of the 
School will depend much on the Assis- 
tant Technical Officer, who must be a 
person with initiative, and willing to 
carry responsibility. The position offers 
opportunities for contact with leading 
personalities in the field of welding. 

The School of Welding Technology, 
established by the Institute in October 
1957, is a unique venture in co-operative 
education, which makes available to 
the engineering industry of Great Brit- 
ain a fund of technical information and 
managerial experience about all the 
factors upon which the satisfactory and 
efficient application of welding depends. 
The lecturers are all leading experts from 
industry, the universities, and research 
associations, and during the first three 
years of the School the special knowledge 
of more than 300 men has been made 
available to course members. A number 
of international authorities from over- 
seas regularly lecture in its courses. 

The course members are drawn from 
every field of engineering in which 
welding is employed, and the 56 courses 
organised since the foundation of the 
School have been attended by over 
2,500 engineers, designers, inspectors, 
supervisors, and other senior personnel 
from firms, nationalised industries, and 
Government departments. 

The courses are in general of a very 
specialised nature and more than 40 dif- 
ferent courses are available. 
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The work involved in the manage- 
ment of the School is the planning and 
organisation of the courses and of ex- 
hibitions and demonstrations where 
appropriate; maintaining close rela- 
tions with lecturers and adjusting sylla- 
buses and methods of instruction to 
meet the changing needs of industry. 

The Institute’s Education Committee, 
to which the Assistant Technical Officer 
will act as secretary, is actively engaged 
in the promotion of welding education in 
the national system. The post will 
involve co-operation with technical 
colleges, universities, and the Minis- 
try of Education. 

Applications for the post are invited 
from men of graduate status in engin- 
eering, metallurgy, or science. The fol- 
lowing factors will be taken into account 
in the selection of the person to be 
appointed: 


Knowledge of welding technology 
Teaching interest or experience 
Administrative capacity or experience 
Knowledge of the technical education 
system. 


The post is permanent and pen- 
sionable, and the commencing salary 
will be within the range £800 — £1200 
per annum. 


ELECTION OF MEMBERS 


The following elections have been 
made effective from the dates indicated: 


Honorary Member 


*D. Llewellyn (Wolverhampton) 
—15.6.61 


Members 


F. R. Mackley (Sussex) —23.2.61 
A. Malcolm (Glasgow); F. T. Middle- 
ton (Surrey); E. R. Perry (Herts); S. 
Wilde (Cheshire); N. W. D. Chrimes 
(Middlesex); W. A. Want (Brisbane); 
+G. Williams (Worcs); J. Rothwell 
(Northumberland) —18.5.61 
tF. Blackmore (Middx.); J. Halliwell 
(Lancs); tN. H. Jones (Stourbridge) 
—15.6.61 


Associate Members 


W. C. Dawson (Hants); || F. D. Duffin 
(N. Ireland); C. F. Harris (Uganda); 
8A. J. Olden (Kent); S. Smith (Birming- 
ham); J. B. D. Ward (Manchester); §T. 
Smith (Venezuela); G. Leadbeater (Che- 
shire); N. Jayaraman (India); P. Knowl- 
son (Cambridge); G. S. Plant (Birming- 
ham) —18.5.61 

||\W. Macfarlane (Lanarks); f{J. G. 
Morton (Co. Durham); D. H. Corlett 
(Monmouth); §A. D. Barker (North- 
umberland); B. T. Shuttleworth (Bris- 
tol); D. A. Rowlett (Co. Durham); {D. 
Romans (Sheffield); J. J. Stubbs (Lancs); 
W. Beck (Surrey); §W. H. Welch (Ban- 
bury) —15.6.61 


Companions 
J. T. Ward (Sussex) —26.1.61 
K. L. Puri (India) —23.3.61 


S. C. Ghosh (India); P. W. Lee 
(Middlesex); |\J. T. A. Price (Birming- 
ham); J. W. Curry (Co. Durham); G. 
R. Banks (Lancs); T. A. Mcgenn 
(Westmoreland); J. R. Davies (Surrey) 

—18.5.61 
R. R. Houghton (Birmingham)—15.6.61 


Graduates 


R. K. Shokeen (India) —15.9.60 

R. Mukherjee (India); G. Chandra- 
sekar (India) —23.3.61 

R. H. Craig (Birmingham); G. M. 
Evans (Yorkshire); K. S. Venkates- 
waran (Bilston); R. W. Cane(Yorkshire); 
L. A. Armstrong (Luton); S. S. Gorgia 
(W. Bengal); M. G. Leese (Stafford- 
shire); G. Pascoe (Middlesex); S. P. 
Gupta (Staffordshire) —18.5.61 


Associates 


R. W. A. Alderton (Yorkshire); D. A. 
Appleyard (Nuneaton); A. R. Best 
(Hull); C. A. A. Brecknell (Birming- 
ham); P. T. Bullock (Banbury); C. W. 
Fensome (London); G. Jervis-Hunter 
(Dorset); R. L. Langford (Shropshire); 
T. J. Lewis (Staffordshire); D. C. A. 
Littlefield (Wiltshire); C. McG. Mills 
(London); K. D. Mills (Nottingham); 
W. T. Nash (Birmingham); C. J. Porter 
(Berkshire); K. F. Tinklin (Kent); M. J. 
Smith (Surrey); A. Winterbottom (Che- 
shire); A. K. Mazunder (India); H. 
Dewsnap (Co. Durham) —18.5.61 

E. H. Hayman (Cardiff); A. Day 
(Birmingham); G. W. Deakin (Che- 
shire) —15.6.61 


Industrial Corporate Members 


Esso Petroleum Co. Ltd. (Southamp- 
ton); Ministry of Transport (London) 
—18.5.61 

Sandberg (London); Boillat Brass 
Corpn. (Switzerland) —15.6.61 





* Transfer from Member 

+ Transfer from Associate Member 
t Transfer from Companion 

§ Transfer from Associate 

| Transfer from Graduate 
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Mr. L. Redshaw, Vice-President of 
the Institute, has been appointed Deputy 
Managing Director of Vickers-Arm- 
strongs (Shipbuilders) Ltd. 

Dr. Maurice Cook, C.B.E., who was 
recently elected a Fellow of the Institute 
of Metals, in recognition of his services 
to the Institute, has received a special 
Insignia Award in Technology from the 
City and Guilds of London Institute, 
for outstanding services to the Chemical 
and Metallurgical industries. 


Obituary 


The Council regrets to record the 
deaths of the following members: 


J. J. Macdougall (West of Scotland, 
Assoc. Member, 1944) 

H. Scott Jeffs, (Wolverhampton, 
Member, 1923) 

E. S. Waddington (N.London, Mem- 
ber, 1936) suddenly on 6th August. 


BRANCH NEWS 


The Annual General Meeting of the 
above Branch was held at the Welbeck 
Hotel, Nottingham, on Tuesday, 4th 
April, 1961. 

Mr. H. L. Palmer, the retiring Presi- 
dent, bestowed the Presidential Insignia 
on the new Branch President, Mr. R. 
Burleigh. 


At the conclusion of the A.G.M., two 
films were shown. The first described 
some of the activities of the pipe-work 
Engineering Division of Stewart and 
Lloyds, Ltd. 

In the second film emphasis is laid on 
quality control and how this is main- 
tained throughout all stages of produc- 
tion. The accent on training in Stewart 
and Lloyds is borne out in the film and 
it shows teaching methods employed at 
the Company’s own Training Centres; 
how the fully qualified man emerges 
from the young apprentice; how the 
first-class welder attains proficiency to 
Class I standard. 

The film went on to show the exacting 
standards of cleanliness demanded for 
the pipework systems for atomic power 
stations. 


The Annual Event to ‘Entertain the 
Lecturers’ for the 1960-61 Session 
was compounded into a celebration to 
entertain both the Lecturers and the 
Founders. The inaugural meeting of 
the foundation of the Liverpool Branch 
in setting up independence of its parent, 
the Manchester Branch, was held in the 
city of Liverpool College of Technology 
on 21st May, 1936. 

On that day Mr. R. E. Butler was 
elected Chairman, with Mr. T. H. 
Kelsey as Honorary Secretary and Mr. 
R. Wood, Honorary Treasurer. Messrs. 
E. A. Atkins, G. A. Leach, F. Ridout, 
W. Simpson and A. G. Walker were 
elected members of this first Committee; 
of this group, only three have survived, 
and Mr. Butler and Mr. Kelsey travelled 
from St. Leonards and Sutton Coldfield 
respectively, in answer to our call; Mr. 
Wood, not enjoying too robust health, 
was unable to be present, and sent an 
apology of absence. 

There were 23 other Founder Mem- 
bers present on the 2lst May, 1936. 
Several of these were known to have laid 
down their torches for the last time and 


A.G.M. 


H.S-C. 


Silver Jubilee 








Foundation Jubilee of the 
Liverpool and District Branch, 
21st April 1961,at New Brighton. 
H. R. Cox (Secretary) 
R. G. Braithwaite 
(Past President) 
J. W. Day (President) 
E. Greenwood (Chairman) 
R. R. Butler (Founder Chairman, 
21st May 1936) 


passed on; from the remainder there are 
Messrs. W. F. Almond, R. Ibison, D. G. 
Jones, N. L. G. Lingwood, A. G. 
Tregaskis, H. Townend, W. Williams, 
L. Wimpenny, W. Wood and G. Wood- 
field living at known addresses to 
whom the Secretary was able to issue 
invitations. They all accepted except Mr. 
W. Williams and Mr. W. Wood, also 
Mr. H. Townend who sent a telegram of 
apology for absence. There were there- 
fore eight Founder Members among the 
21 Guests of Honour, which was quite 
a remarkable turn-out after 25 years. 

Messrs. W. F. Almond, D. C. Jones, 
W. Williams and G. Woodfield are still 
members of the Liverpool Branch, and 
Mr. Tregaskis who retired on 3lst 
March, 1961, is now living at Brixham 
in South Devon. He was a member of 
the Liverpool Committee from 1939 to 
1950, being Chairman for the 1948-49 
Session. We are grateful for his help 
during that trying wartime period and 
his stalwart support in the rehabilitation 
which followed it. 

Mr. George Woodfield is also a 
Committee man of long standing, and 
he was elected in the same session as Mr. 
Tregaskis, namely 1939-40, to become 
Chairman for the 1947-48 Session; he 
retired from the Committee at the end 
of the 1949 session. His presence at the 
Silver Jubilee celebration was highly 
gratifying. 

Mr. D. G. Jones was appointed 
Treasurer to the Branch for the 1938-39 
Session, following Mr. R. Wood. Sup- 
ported by an abundance of natural good 
patience, he is still the Treasurer, al- 
though from 1942 to 1948 he was Hon- 
orary Secretary. He was reappointed 
Treasurer on 22nd July, 1957, four days 
after the sad passing of Mr. A. E. 
Griffin, who had been Treasurer since 
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1946. In all that long period up to the 
present time, Mr. Jones has assisted in 
conducting the affairs of the Branch in 
one capacity or another; only those 
closely associated with him know the 
generosity and loyalty he has so freely 
and unfailingly given. 

One other Founder Member who 
came forward to help was Mr. F. H. 
Toogood, who joined the Committee in 
1947-48 and carried on into the next 
Session. Unfortunately he was taken ill 
and finally laid down his torch on 22nd 
April, 1950. 

The Annual Dinner of the Branch is 
an event of appreciations to Lecturers 
and other good people without whose 
help or support the affairs of the Branch 
would not function very successfully; 
the attendance has been growing steadily 
year by year. The old venue at the St. 
George Restaurant in Liverpool was 
nearly bursting at the sides in the past 
two or three years, to house the numbers 
required, so a move had to be made. 
The Oak Room in the Hotel Victoria at 
New Brighton was chosen by the Com- 
mittee to accommodate the 200 diners, 
at least, envisaged for the 1960-61 and 
future sessions. This proved a correct 
move as 195 covers were laid on the 21st 
April last, and with so much more 
space there was so much more elbow 
room in every direction. Satisfaction has 
been expressed by all the representatives 
of the country-wide section of the 
Welding Industry who attended. 

In thanking all those who attended 
and brought guests, many of them 
members from other Branches as well as 
Liverpool and District, the Committee 
has pleasure in especially mentioning: 

The Lecturers for the 1960-61 Session, 
represented by Messrs. J. W. Day, E. 
Greenwood and A. B. Fieldhouse. 
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Headquarters—Mr. R. G. Braith- 
waite, National Past-President, for 
filling at relatively short notice the 
patronage of Mr. E. Fuchs, the National 
President, who had to send an apology 
of absence due to illness; also to Mr. G. 
Parsloe for his thoughtful congratulat- 
ory telegram from R.M.S. Queen Mary, 
homeward bound from New York. 

Manchester Branch—for the presence 
of Chairman E. H. Lee. 

Preston Branch—for the attendance 
of Chairman F. Pilling and his party. 

Liverpool Metallurgical Society, rep- 
resented by Vice-President F. R. Brace. 

Past-Presidents of the Branch in the 
person of Professor W. J. Kearton, twice 
lecturer as well. 

The College of Technology in the City 
of Liverpool, through Mr. S. A. G. 
Parsons, the Principal, and for accom- 
modation in the College for Lectures. 

The City of Liverpool Central Libra- 
ries by Mr. C. R. Burman, the Technical 
Librarian, who acts for Dr. Chandler, 
the Head Librarian, who organises the 
Ladsirlac Lectures, one of which is 
sponsored by the Branch (usually in 
November). 

The Journal of Commerce and Shipping 
Telegraph, represented by Captain 
Charles Birchall, the printers of the 
Branch Circular and for general help in 
that connection, also the use of a Com- 
mittee room at 17 James Street. 

The British Welding Journal through 
Mr. G. S. Hartley its Advertising 
Manager. 

The British Welding Research Associ- 
ation and Dr. R. Weck, Director of 
Research, who was represented by 
Technical Scientific Officer, C. A. 
Phipps. 

M.A.N.W.E.B., through Mr. H. J. 
Fraser, District Commercial Engineer, 











Aisin i 


7 ; 
GOW! 3 


> 
‘ 


460 BRITISH WELDING JOURNAL, SEPTEMBER 1961 


without whose electrified help, welders 
would make little progress. 

The Artistes and Mr. Bill Connerton, 
a Past-Chairman of the Branch, who all 
so capably helped to make an evening of 
perfect enjoyment. 

Mrs. E. Warton and her Head Waiter, 
Mr. F. Orr, and the Hotel staff, for the 
excellence of the accommodation and 
service for a most excellent meal. 

H.R.C. 


Sessional Programmes 


19th Sept.—Visit to Caterpillar Tractor 
Company’s “Plant at Tannochside, 
Lanarkshire, 7 p.m. 

18th Oct.—Chairman’s Address. 

15th Nov.—Film Evening 

Dec./Jan.—No meetings 

13th Feb.—‘Resistance welding and 
resistance brazing”, by E. V. Beatson 
(Joint meeting with Edinburgh Elec- 
trical Society) 

14th Mar.—‘“Some facts about iron 
powder electrodes”, by A. B. Field- 
house 

11th Apr.—Annual General Meeting, 
supported by films. 


The meeting on 13th February will be 
held in the Staff Dining Room of the 
S.S.E.B. Dewar Place, Edinburgh, and 
all other meetings at 25 Charlotte Square 
Edinburgh. 


21st Sept.—Ladies’ Night—*‘/nterior 
Decorating & Furnishing Fabrics” by 
Mr. Marsey (Sandersons) (Mansion 
Hotel, Roundhay Park, 7.30 p.m.) 

4th Oct.—“The testing, inspection & 
assessment of welding” by C. Atkinson 
(Great Northern Hotel, 7.30 p.m.) 

24th Oct.—“Improved steels and their 
weldability” by F. J. Wilkinson (Great 
Northern Hotel, 7.30 p.m.) 

14th Nov.—*The distortion problems in 
oxygen cutting” by K. D. S. Semper 
(Hotel Metropole, 7.30 p.m.) 

28th Nov.—‘‘Chemical Plants” by F. S. 
Dickinson (Hotel Metropole, 7.30 
p.m.) 

12th Dec.—** Welding in structural engin- 
eering” by J. S. Allen (Victoria Hotel, 
Bridge Street, Bradford, 7.30 p.m.) 

14th Dec.—Annual Dinner (Hotel Met- 
ropole) 

17th Jan.—Brains Trust, (Hotel Metro- 
pole, 7.30 p.m.) 

9th Feb.—Dinner-Dance (Mansion 
Hotel, Roundhay Park) 

15th Feb.—**Welding for low tempera- 
ture service” by R. E. Lismer (Hotel 
Metropole, 7.30 p.m.) 

15th Mar.—Works Visit to English 
Electric Co. Ltd., Phoenix Works, 
Bradford 


10th Apr.—Annual General Meeting 
(Hotel Metropole, 7.30 p.m.) 


10th Oct.—Works visit to John Sum- 
mers, Shotton 

10th Oct.—‘‘Control of distortion” by 
E. H. Lee (Flintshire Technical Col- 
lege, Connah’s Quay, 7.30 p.m.) 

15th Nov.—‘Metallography of weld 
structures” by Dr. S. J. Kennett 
(Central Libraries, William Brown 
Street, Liverpool, 7.30 p.m.) 

12th Dec.—Welding of the yellow 
metals” by M. K. Williams 

9th Jan.—‘Transportation pipelines” by 
R. G. Wright 

13th Feb.—‘Some practical considera- 
tions in the welding of aluminium- 
NPS5/6 for pressure vessel work at low 
temperatures” by G. A. O. Pridgeon 

13th Mar.—‘‘Incentive schemes for 
welding” by P. M. Burman 

6th Apr.—Annual Dinner (Hotel Vic- 
toria, New Brighton) 

10th Apr.—Annual General Meeting 
(7.0 p.m.) 


Except where indicated meetings are 
held at the Liverpool College of Tech- 
nology, Byrom Street, Liverpool, com- 
mencing at 7.15 p.m. 


4th Oct.—‘Welding and the nuclear 
power programme” by A. B. McIntosh 

18th Oct.—*‘A welder’s guide to metal- 
lurgy” by P. Harris (Stockport Col- 
lege, 7.30 p.m.) 

Ist Nov.—‘‘ Metallurgical aspects of the 
welding of heavy sections” (Joint 
meeting with Met. Society) by A. F. 
Gifford 

6th Dec.—‘Improved steels and their 
weldability” by F. J. Wilkinson 

3rd Jan.—‘‘Fundamental metallurgical 
considerations and effect of gases in 
welding” by W. D. Biggs 

7th Feb.—“The Runcorn-Widnes Bridge 
Project” by J. A. Anderson 

7th Mar.—-‘Weld radiography” by E. J. 
Grimwade 

4th Apr.—Annual General Meeting 


Except for the meeting on 18th Oct. 
all meetings will commence at 7.15 p.m. 
at the Manchester Literary and Philo- 
sophical Society, George St., Man- 
chester. 


12th Oct.—Chairman’s Address by C. 
Stephenson 

2nd Nov.—‘‘Computer control flame cut- 
ting in shipbuilding” by T. McIver 

7th Dec.—** Details of welded hull de- 
sign” by H. J. Adams 


4th Jan.—‘‘The archaeolog) of metal- 
lurgical processes, including welding” 
by Dr. R. F. Tylecote 

Ist Feb.—‘*Welding and fabrication o, 
North Eastern Marine and Gotaverke 
Engine”’ by J. S. Oliver 

3rd Mar.—Visit to Swan Hunter anc 
Wigham Richardson Ltd., Wallsend 
Shipyard 

8th Mar.—‘* Welding of steel castings’ 
by N. H. Baddeley 

5th Apr.—‘‘Fabrication of stern frame: 
by welding” by G. R. Whitehead 
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27th Sept.—‘‘ The arc and its forces” by 
J. C. Amson 

24th Oct.—Visit London Airport 

25th Oct.—** Why many welders fail prac- 
tical tests laid down by test authorities” 
Discussion Group — Chairman F. 
Clark, Panel Members R. B. Whalley, 
T. Crawford, L. B. Smith 

22nd Nov.—‘‘Quality and quantity appliea 
to aero-engine welding” by E. T. Hall 

13th Dec.—** Modern welding techniques 
and inspection of aluminium welds” by 
D. G. W. Claydon and H. C. Con- 
stantine (Joint meeting with South 
London Branch) 

24th Jan.—“Thick plate welding with 
particular reference to heat exchangers 
for nuclear applications’ by M. 
Hipkins 

21st Feb.—“CO, Welding processes” 
Works visit to B.O.C. Edmonton 

21st Mar.—Lecture by Overseas Visitor 

18th Apr.—Annual General Meeting 


Meetings are held at 54 Princes Gate, 
London S.W.7., commencing at 7.0 p.m. 


Sheffield 


2nd Oct.—Works visit to B.O.C. Ltd., 
Brinsworth, Rotherham 

9th Oct.—*‘Low alloy steel welding” by 
E. Freeth 

13th Nov.—‘Transportation pipelines” 
by R. J. Wright 

11th Dec.—Joint meeting with Sheffield 
Branch of the Institution of Produc- 
tion Engineers, (Grand Hotel, 
Sheffield, 7.15 p.m.) 

8th Jan.—Annual Dinner (Royal Vic- 
toria Hotel, Sheffield) 

15th Jan.—‘The construction and site 
erection of the CO, circulating ducting 
at Bradwell” by A. Robert Jenkins 
(Joint meeting with the Rotherham 
Engineering Society) (Rotherham 
Technical College, 7.15 p.m.) 

3rd Feb. — Ladies Evening — Dinner 
Dance 

12th Feb.—‘‘Further thoughts on the 
problems of distortion” by J. S. Waring 

12th Mar.—‘‘Maidenhead Bridge” by 
G. Roberts 
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9th Apr.—Annual General Meeting. 
Followed by films 


All meetings, with the exception of 
hose in December and January, will 
ake place at the Montgomery Hall, 
surrey Street, Sheffield, commencing at 
7.15 p.m. 


South Western 


Yet.—‘‘Welding of the reactive metals” 
by M. H. Scott (Radiant House, 
Bristol) 

Nov.—‘‘A practical approach to the 
problem of distortion” by J. S. Waring 
(Radiant House, Bristol) 

Yec.—A welding forum—Panel mem- 
bers: R. C. Du Cane, W. K. B. 
Marshall, F. J. Wilkinson, and M. E. 
Pool (Avonmouth) 

an.—‘‘Testing, inspection and assess- 
ment of welds” by C. Atkinson (Radi- 
ant House, Bristol) 

eb.—“‘Quality control in welding” by 
H. Gibbs and R. S. C. Medhurst 
(Stothert & Pitt Ltd., Bath) 

“lar.—‘Education of a welding engineer” 
by F. J. Wilkinson (Bristol University) 


WVest of Scotland 


i8th Oct.—‘‘Recent Developments in 
corrosion-resisting steels’ by J. A. 
McWilliam 

5th Nov.—‘*Who teaches the science of 
welding?” by Dr. J. Orr 

20th Dec.—* Welding of piping installa- 
tions for power stations” by J. Ham- 
mill 

i7th Jan.—‘‘Bare wire CO,-shielded arc 
welding” by G. A. Phipps 

21st Feb.—‘“‘The future of British ship- 
building with special reference to 
developments abroad” by J. M. 
Winders 

21st Mar.—‘‘The testing, inspection and 
assessment of welds” by C. Atkinson 

29th Mar.—Visit to Macfarlane Engin- 
eering Co. Ltd., Glasgow 

i8th Apr.—Annual General Meeting 
and film night 


Branch Committees: 1961-62 


The following honorary officers and 
members of committees have been 
ippointed for the session 1961-62. 


“astern Counties 
Chairman S. WRIGHT 

Vice-Chairman G. A. PHIPPS 

Hon. Treasurer F. W. PRESTON 


Hon. Secretary J. A. EDWARDS 


Committee 
J. O. H. NICE 
S. PAYNE 
G. H. SMITH 
J. STOKES 


A. BISHOP 
W. DUNN 
W. HEARSUM 
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East Midlands 


President 
Chairman 
Vice-Chairman 
and Secretary 
Hon. Treasurer 
Hon. Programme 
Secretary 
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BRITISH WELDING RESEARCH 
ASSOCIATION 


Exhibition of Research in Progress 


A two-day exhibition of research in 
progress (replacing the previous annual 
Open Days) was held at Abington Re- 
search Laboratories on 12th—13th July. 

The first day was also the occasion of 
the official opening of the new Engin- 
eering Laboratory by the Rt. Hon. 
Lord Mills, P.C., K.B.E. This two- 
storey building, like others erected at 
Abington in recent years, is a plastically 
designed all-welded steel frame struc- 
ture. It houses the Pressure Vessel, 
Brittle Fracture, and Resistance Weld- 
ing researches, which have until now 
been carried out in ‘temporary’ (since 
1946) army huts and stables. It also 
provides an extensive machine shop, 
and office and conference room ac- 
commodation on the first floor. 

The additional space provided by the 
new Laboratory will enable the Asso- 
ciation to install much-needed scientific 
and industrial equipment for new lines 
of research; it also relieves the conges- 
tion in other sections so that their work 
can be expanded. 

The Exhibition of Work in Progress 
clearly illustrated the rate of expansion 
of the Association’s work during the 
past two years. A recurrent feature in 
all sections was the close relationship 
between the investigations and the 
practical day-to-day problems in welded 
fabrication. 

The Association’s work as a whole 
will be covered in a summary of the 
Annual Report, to be published later in 
the Journal. 


CONFERENCES AND COURSES 


Techniques of non-destructive testing 


An evening course of eleven lectures 
on this subject will be held in the 


Physics Department of Brunel College 
of Technology, Woodlands Avenue, 
Acton, London, W.3, every Wednesday 
from 7.0 to 8.30 p.m., commencing on 
4th October, 1961. 

The lectures, to be given by well- 
known specialists from industry and 
members of the College staff, will be on 
topics such as radiography, ultrasonics, 
eddy currents, magnetic methods, and 
thermal conductivity. 

The course should be of interest to 
inspectors and others engaged in this 
work, and also to graduates and holders 
of the H.N.C. in engineering and science 
subjects who require an introduction to 
methods used in non-destructive testing. 

Further details of the course, for 
which the fee will be £1, may be obtained 
from the Physics Dept. at the College. 


NEWS FROM INDUSTRY 
Vertical welding 


Our front cover illustration shows one 
of the first two British made machines to 
weld plates automatically in the vertical 
position. The machines have been de- 
veloped at the Gateshead works of Brit- 
ish Oxygen Co. Ltd., and are based on 
the Russian electro-slag welding process, 
operating in much the same way as other 
machines of this type. 

The two machines are being used to 
weld the vertical seams of 1] in. thick 
plates to form the caissons of an off- 
shore oil-drilling rig. 


Applications of the oxyacetylene flame 

The British Acetylene Association has 
announced details of the 4th _ Inter- 
national Competition for a paper on 
the “Applications of the Oxyacetylene 
Flame”, which is being organised by La 
Commission Permanente Internationale 
de l’Acetylene. 

The Competition is open from Ist 
October 1961 to 31st March 1963, and 
a considerable sum of money is being 
put up by way of awards. 

Details may be obtained from the As- 
sociation at Carbide House, 55 Gordon 
Square, London W.C.1. A translation of 
the Regulations of the Competition will 
be published in the October News 
Section of the Journal. 


DIARY 


5th-8th Sept.—tInst. Engineering In- 
spection—Conference on Inspection 
and Testing—Oxford. 

12th-15th Sept.—Manchester College of 
Science and Technology—Course of 
lectures on “Pressure vessel design’’. 

19th Sept.—East of Scotland—Works 
visit, Caterpillar Tractor Co., Tan- 
nochside, 7.0 p.m. 

21st Sept.—Leeds—Ladies’ Night, Man- 
sion Hotel, Roundhay Park, 7.30 p.m. 

27th Sept.—North London—‘‘Arc cha- 
racteristics” by J. C. Amson, 54 
Princes Gate, London, S.W.7, 7.0 
p.m. 
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Automatic Grinding of Welds 
for X-ray Inspection 


The grinding of welds becomes a completely automatic process with the 
Thompson grinding head. This machine manufactured by Donald Ross 
& Partners Ltd., speedily removes excess weld overburden and provides 
a quality finish which is ideal for X-ray inspection purposes. The head 
will automatically grind both longitudinal and circumferential welds and 
it is mounted on a column and boom so that it can be used on both the 
internal and external seams of welded cylinders, boiler shells and pressure 
vessels, etc. The machine relieves up to four operators of the noisy and 
arduous task of manual grinding and requires only one semi-skilled work- 
man for its successful operation. The Thompson grinding head is fast, 
efficient and automatic. It is a modern machine which will save time, 
labour and money in addition to speeding up production. 


DONALD ROSS & PARTNERS LTD + Crawley + Sussex 
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BRITAIN’S TOP FAMILY OF ELECTRODES Britain’s most prized elec- 
trodes are ‘Quasi-Arc’ electrodes from BOC. Here are three of them-- Radian, Vortic and 
Mirrospeed, all for mild steel. Made under strictest quality control, they are fully approved 
and are backed by Britain’s most experienced electric welding service. 
RADIAN General purpose electrodes for all types of work including sheet metal welding. 4 
Easy slag detachability and fast fusion rate gives very high welding speed. 
VORTIC All-position electrode for overhead and vertical-upwards welding. Perfect 
stability and penetration, smooth root runs, neat profile and freedom from undercut. 


MIRROSPEED The easy-to-use electrode with high output features for production 
work. Long run lengths and mitre weld profile easily obtained by the “touch” technique. 





Mm THE BRITISH OXYGEN COMPANY LTD @& 


, 


Electric Welding Department, Quasi-Arc Works, Bilston, Staffs. Telephone: Bilston 41191 . 
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revolutionary concept of 
ubmerged arc welding 

ULLY AUTOMATIC WELDING 
SUIDED BY HAND... 
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IDEALARC 


TRADE MARK 


mechanized 


SQUIRT 
WELDER 


..2++1WICE as fast as 
manual welding 


The “Squirt” offers you the combined advantages of 
automatic submerged arc welding with the versatility 
of maviual electrodes. For the first time a semi-auto- 
matic welder has automatic travel, flux and wire feed 
mechanisms in addition to controlled arc voltage and 
welding current. Simplicity itself to operate—just set the 
current and voltage, preset the travel speed of the gun, 
line up the joint, place the gun in position and push 
the trigger. 


THE RESULT—HIGH SPEED 
HIGH QUALITY 
SUBMERGED ARC WELDS 


. REDUCES COSTS! 
IMPROVES QUALITY High Operating Factor, the automatic feed of Electrode and flux enables 


Consistent welds equal to those made with fully automatic continuous welding of hundreds of feet. It gives deeper penetration, 
using minimum weld metal, the automatic travel guarantees consistent 


weld, eliminates scarfing and reduces waste. /t has low flux consumption 
and a versatility of application. 
















equipment, and approved by Lloyds. The ‘Squirt’ with 
“Idealarc” alloy fluxes welds all alloy steels. 


For further details write to:— 


ARM eH 76 GROSVENOR STREET, 





LIMITED LONDON, W.1. _ Tel: HYDe Park 9711 
SOLE DISTRIBUTORS IN THE U.K. FOR 








new PUG 


Low cod6 


light weight cutting machine 





The light weight Pug is a new portable cutting machine made by British Oxygen. Tough 
and reliable, the Pug has important new features— making high quality mechanised 
oxygen cutting available to an ever-widening range of industries. The Pug is built for 
safety, reliability and long working life. 


Cuts and bevels 2 in. steel. >< 3in.to45 in. diameter circles. >k A.C./D.C. motor. 
Long trouble-free working life. Ask for demonstration. 


THE BRITISH OXYGEN COMPANY LTD 


LIGHT INDUSTRIAL DEPARTMENT, SPENCER HOUSE, 27 ST. JAMES’S PLACE, LONDON, S.W.1 
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YATES PLANT AT TRAWSFYNYDD 


Here are the fabrication and final assembly shops at Trawsfynydd Nuclear Power Station where twelve 
350-ton heat exchangers are being manufactured by International Combustion Ltd. for Atomic Power 
Constructions Ltd. Yates machines are used exclusively for vessel and welding head manipulation and 
include two complete travelling rotator sets for the final assembly, five double strake rotator sets and two 
“mammoth” columns and booms. Yates have also supplied turntables, pedestal supports and pipe stand 
positioners. 


PHOTO BY COURTESY OF INTERNATIONAL COMBUSTION LTD 
YATES PLANT LTD., BEDEWELL WORKS, HEBBURN ON TYNE, CO. DURHAM. Tel: JARROW 897124 
A member of the Baker Perkins Group 
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You never see a prima donna 


pair of Bennett’s gloves 





A wide range of quality 
industrial Gloves, Mitts, 
Aprons, and Clothing in 
leather, rubber, asbes- 
eg ec or TUNGSTEN CARBIDE FILLED 
fabric materials are 
made and stocked for 
firey E WELDING RODS 
cesses. Technical 

Representatives are 
available for consulta- 

tion in all parts of the FO R 
British Isles at short 


~ © notice 
—— but operatives HARDssr FACING 


sing their praises! Ask for our brochure 


BENNETT’S ‘TUCA’ DIVISION 


ELECTRO-CHEMICAL RESEARCH LABORATORIES LTD. 








INDUSTRIAL GLOVES 33 KNOX STREET, LONDON W.1. 

H. G. BENNETT & CO. (Gloves) LTD. 

Industrial Glove Specialists ye We have a service department at your disposal and will 
LIVERPOOL 23 - GREat Crosby 3996/7 be glad to quote for hard-facing work on our premises. 
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) | Men ‘have 


MAPEL MEN are skilled in the supervision and 
inspection of welding, using either visual, X-ray, 
gamma-ray, ultrasonic or other non-destructive 
methods. 

Inspection of steel structures, tanks, pressure 
vessels, pipelines, and welded or fabricated 
equipment, can be undertaken to any specifica- 
tion. 

MAPEL undertakes evaluation of electrodes, 
formulation of procedure tests, and carries out 
stress relieving investigations and other prob- 
lems in this field. 

An addition to the MAPEL range of non- 
destructive testing services is the closed circuit 
television service for examining structures 
below water, particularly in cases where it is 
impossible for a diver to carry out a visual 
examination due to water turbidness. 


a 
GS re WATCHFUL EVE OF MAPEL WELDING INSPECTION SERVICE CAN PROTECT YOU 


Contact f p 


Woolmer Green, Knebworth, Herts. Tel: Knebworth 3083. Grams: Metaldure, Knebworth, 
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World Wide Service 


METAL AND PIPELINE ENDURANCE LTD. 




















Wire 
for the 
welding 


industry 

















The illustration shows 
a BRAUER ‘Quick-Action’ 
TOGGLE CLAMP Type 
TC.62 being used to meet 
the requirements of efficient 
induction brazing — quick 
positive clamping and instant releasing - at Radio Heaters 
Ltd., Wokingham. 

This brazing fixture incorporating a BRAUER Clamp 
has achieved considerable saving of time and money in 
the production of meter cases (see inset photograph). 











Send now for illustrated catalogue and 
technical data to Dept. 28. 


F. BRAUER LIMITED 
HARPENDEN .- HERTS. 
Telephone: Harpenden 3603 





vi WIRE FOR ELECTRODES 


Member of the Cope Allman Group 
Richard Johnson & Nephew Ltd + Manchester 11 


Tel.: EAST 1431 
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I Makers of Europe’s largest range of Toggle Clamps. 
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for STRENGTH 
and ACCURACY use 


STAR QUALITY PLATENS 


At no extra cost you get all these features:— 


% Made from fine-grained high quality grey iron cast ina 
modern foundry under strictly controlled conditions. 

% Each tee slot checked for truth before despatch. 

% High class machining on top face to -005”. 

% Levelling screws and foundation bolts supplied with 
each platen. 

* Cut-outs (if required) at slot intersections for the easy 
insertion of tee bolts when platens are set flush 
with floor level. 

Wide Range of Sizes — Quantity Discounts — Good Delivery 
Made up to a standard — not down to a price! 


COURTBURAY stares worss ompston tardwick 


vertues uimiiee ford Telephone: KEMpston 2341 























Senior 


Welding Engineer 


The Production Engineering Department of Standard Tele- 
phones and Cables Limited has an important vacancy for a 
Senior Welding Engineer capable of directing the activities 
of Planning Engineers and Production personnel in the 
introduction of modern welding techniques. 


A wide knowledge of all aspects of welding allied to 
proficiency in workshop control by documentation is called 
for, and whilst preference will be given to an engineering or 
metallurgical graduate, experience will count for more than 
technical qualifications. 


He will be expected to advise on machines and jig and tool 
design and also be able to impart knowledge for the training 
of personnel. 


Write in confidence to the Personnel Manager, 
Oakleigh Road, New Southgate, N.11 


Standard Telephones and Cables Limited 




















OPPORTUNITY IN AUSTRALIA 


ROBERT BRYCE & CO. LTD. 
one of Australia’s leading Merchants and Importers requires a 


WELDING SALES ENGINEER 


for their Engineering Division. The right man will travel widely through Australia’s industrial centres and 
play a major role in the national introduction of a new process of arc-welding. Excellent opportunity exists 


for future promotion to Executive level. 


This is a permanent position requiring a brief training period in London after which the successful appli- 
cant will be flown to Australia on an initial two year contract. 





QUALIFICATIONS. A qualified welder with wide practical experience and skill in arc-welding (preferably 
including gas shrouded processes), a sound knowledge of theory, capable of presenting lectures and 
demonstrations and possessing initiative and personality. 


| AGE. In early 30’s — a single man preferred. 


SALARY. Within the range A£1200 — A£1450 according to qualification and experience. Superannuation 


and air passage to Australia will be provided. 


available after probationary period. Travelling and entertainment expenses incurred in course of duty, 


Apply in confidence, giving brief details and references to 


THE GENERAL MANAGER, ROBERT BRYCE & Co. Ltp., SALISBURY HOUSE, LONDON WALL, E.C.2 
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WELDING INSPECTOR 
REQUIRED 


Applicants must be conversant with 
Electrical Arc Welding Procedures 
and have practical experience of in- 
spection to Lloyds Class 1, A.P.I. 
and A.S.M.E. requirements; some 
experience of Submerged Arc, Argon 
Arc and CO, welding an advantage. 

Staff appointment, good salary, 
superannuation fund, first-class can- 
teen facilities and convenient trans- 
port. 

Applications, giving full particu- 
lars of education, experience and 
salary required to the Personnel 
Officer, The British Steel Piling 
Company Limited, Claydon, near 
Ipswich, Suffolk. 








APC 
A SENIOR 
METALLURGIST 


is required for the Welding Group 
at the Company’s Research and 
Development Laboratories at Heston 
Middlesex. Applicants should possess 
an A.I.M. or Honours Degree with 
several years’ experience, preferably 
in the welding field. Programmes of 
work cover the welding of ferrous 
and non-ferrous materials by a 
variety of manual and automatic 
processes. 

Life Assurance and Contributory 
Superannuation Scheme. 

Applications giving full details of 
qualifications and experience should 
be addressed to: 

Personnel Manager (Ref.BWJ 

193), Atomic Power Constructions 

Ltd., P.O. Box 90, 

28 Theobalds Rd., London, W.C.1 








ROLLS-ROYCE 


AERO ENGINE DIVISION, MOUNTSORREL 


has opportunities for 


TWO WELDING ENGINEERS 


The successful candidates will be responsible for the development of new pro- 
cesses and techniques and their application to aero engine fabrications. 

Experience is required in either inert gas welding applications (preferably on 
thin gauge material); or in resistance welding of stainless steel and nickel base 
alloys and/or the development of equipment for this work. 

Preference will be given to candidates with an appropriate degree or H.N.C. 

The factory is a small one located in rural surroundings near Leicester and 
has recently been reconstructed and modernised. The company operates a 
contributory pension scheme and holidays and sickness benefits are allied to 
length of service. 

Applications should write giving full details of their age, education and 
experience to the: 


Employment Officer, 
Rolls-Royce Limited, Mountsorrel, Loughborough, Leicestershire 














The following books may be purchased 
from the Institute of Welding. 
Handbook for Welding Design — Vol. 1 
45s each plus Is 6d postage 
Index to ‘*Transactions” and ‘*Welding 
Research” (1939-1953) 
25s each plus Is postage 
Control of Welding Distortion 
5s including postage 
The Use and Welding of Aluminium in 
Shipbuilding 
15s each plus Is 6d postage 
Handbook on Radiographic Apparatus 
and Techniques 
16s each including postage 


HIGH DUTY ALLOYS LIMITED 


RESEARCH DIVISION 


89 Buckingham Avenue, Slough, Bucks. 


METALLURGIST 


required to take charge of a small welding section dealing with 
the investigation of problems connected with the development of 
weldable aluminium alloys. 

Candidates should possess a degree in metallurgy and have at 
least two years’ practical experience of research into the various 
techniques for welding of aluminium alloys and preferably some 
knowledge of dealing with customers queries in the same field. 
The work will be in a modern and very well equipped laboratory 
and encouragement is given for the publication of results. A 
generous salary, depending on qualifications and experience, is 
available and there is also a pension scheme in operation. All 
applications will be treated in the strictest confidence. Please 
write, giving full details, to the Chief Personnel Officer, at the 
above address. 











| 


The cost of insertion in this column is 
4s. a line, or 40s. per inch depth semi- 
display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies should be 
addressed to Box.., British Welding 
Journal. 


All matter relating to classified advertise- 
ments should be addressed to Advertise- 
ment Department, British Welding 
Journal, 54 Princes Gate, Exhibition 
Road, London, S.W.7. 


Copy should be sent by 6th of each month 
for publication in the following month. 








ASSISTANT TECHNICAL OFFICER 


The Institute of Welding invites applications for the post of Assistant Technical Officer 
which will be concerned chiefly with the development of the Institute’s educational work 
and in particular with its School of Welding Technology. 

The work involved in the management of the School is the planning and organisation 
of the courses and of exhibitions and demonstrations; maintaining close relations with 


lecturers; adjusting syllabuses and methods of instruction to meet the changing needs of 


industr 

The institute’ s Education Committee, to which the Assistant Technical Officer will act 
as secretary, is actively engaged in the promotion of welding education in the national 
system. The post will ‘involve co-operation with technical colleges, universities, and the 
Ministry of Education. 

Applications for the post are invited from men of graduate status in engineering, metal- 
lurgy or science. 

The post is permanent and pensionable and the commencing salary will be within the 
range of £800-£1200 per annum. 
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BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully guaranteed sets—110 amp £27, 180 
amp , 250 7. £75, 300 amp £89 10s., 
350 amp £105, 450 amp £138 10s. etc. 
Also two-operator 180, 250, 300 and 350 
amp models ex stock from £110. Will 
parallel for double output. 
Combined welding and brazing sets also 
available at £29 10s. 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


Cc. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 
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Manley Court, London N.16. STA 3773 


cleans 
STAINLESS STEEL WELDS 


efficiently, safely, economically 


TRIAL SIZE BOTTLE 6/6 post free 


NORTH HILL PLASTICS LIMITED 
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Improve the standard of welding 


‘*JACWILS’’ 
BACKLIGHT PROTECTOR 
(REG. DESIGN AND PAT. APPL. FOR) 
Backlight is present in workshops and 
factories from electric lights, windows, 
reflections, sunlight, side flashes from other 
welders’ arcs, etc. By excluding backlight a 
clearer view of the work is obtained. 
Clearer Vision — Less Eye Strain — Better 
Welding 
Strongly recommended for site welding 
Prevents condensation on glasses 
For helmets and handshields having 
34 = 43 in. glasses 
Price Five Shillings each, post free, U.K. 
Reductions made for quantitites 


A. J. WILLS 
17 WARREN RD., BANSTEAD, SURREY 
(Burgh Heath 6211) 
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MOORE’S PLANT LTD. 


105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 040! 
dm M0107// 








Welding Plant Hire and Sale 
PARK-STANTON & CO. LTD. 
72 Leadenhall Street, 

London E.C.3. AVEnue 1416 


Brand new cut-price welding cable 
from £17.0.0 per 100 yds. 
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“ENGLISH ELECTRIC 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 


The ENGLISH ELECTRIC Company Ltp. 
Welding Equipment Department 
East Lancashire Road, Liverpool, 10 
Telephone: AINtree 3641 
W.A.24 








WELDING 
EQUIPMENT 
for 
IMMEDIATE 
HIRE 


WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone: 42494 Grams: ““Weldrod”’ 


Engine driven D/C 
generators up to 600 
amps, single and 
double operator also 
transformers. 
Delivery and 
collection arranged. 











For 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 
Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for ‘““MALLORY”’ 
Resistance Weld. Products 








GAMMA RADIOGRAPHY 


Equipment for good shielding and 
operational safety is made by Pan- 
tatron Limited, 5A Princes Street, | 
Hanover Square, London, W.1. 








“MAX-ARCLETTE” PORTABLE ELEC- 
TRIC ARC WELDING SET for sale. 
Continuous low rating 3 K.V.A. Output 25 
to 180 amps. With multi-selection adjust- 
ment providing 22 settings. Output 200/25C 
volts and 400/440 volts, 50 cycles. F. J 
Edwards Limited, 359 Euston Road, 
London, N.W.1, or 41 Water Street, 
Birmingham 3. 














ALMOST NEW TYPE M. MODEL PSA 
PEDESTAL SPOT WELDING MACH- 
INE for sale. Nominal K.V.A.5. Standard 
electrics for 400 volts, 50 cycles. Arm length 
variable between 6” to 9”. Average welding 
capacity 220 S.W.G. mild steel. Auto- 
matic electronic timer. F. J. Edwards 
Limited, 359 Euston Road, London, 
N.W.1, or 41 Water Street, Birmingham 3. 


SERVICES OFFERED 


FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157- 
159 Borough High Street, London S.E.1. 
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PHILIPS 


MANUAL CO: 


WELDING 
UNIT 


Operates Straight off the Mains 


w Built-in power rectifier 

w Extremely mobile 

w Occupies less floor space 

= CO, welding can cut costs by up to 50°, 




































Philips Manual CO. Welding Unit ES3003 is a new, self- 
contained unit that can be connected straight into the mains 
supply. This important advantage is made possible by the 
incorporation of a 400-amp, constant voltage (selenium) 
rectifier including dynamic reactor. 

Operating on 400-440v 3-phase supply (30 amp per phase), this 
new equipment retains all the outstanding features of the 
standard ES3003/03 unit. Total weight is 600 Ibs., and its size 
makes it extremely easy to move about. 

The power rectifier can be supplied as a separate unit for 
addition to the standard ES3002/03 equipment. 


For full technical details, write today to the sole distributors in U.K: 


RESEARCH & CONTROL INSTRUMENTS LIMITED 


Instrument House, 207 King's Cross Road, London, W.C.1 
Tel: TERminus 2877 ‘Grams: Racil, Kincross 
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